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Most subjects have books which do not attempt to teach 
but are to teach from. Hitherto such bonks have been 
wanting in Chemistry. The great feature in siich books 
shoxild be a course including all important points, and 
clear, exact, and concise statements of difficult portions. 
Most books are diffuse and intangible to boys reading tliem. 
They require analysis and abstraction — the separation of 
facts and principles from theories and details. Tliis book 
proposes to be just the abstract that boys require, and the 
sort of syllabus that schoolmasters generally prepare. 
After the class lectures and demonstrations are over, the 
boy that has this book will find that he has a very precise 
lesson to learn, and not merely a chapter to read. 


manipulation, and diagrams of apparatus, 
iind no place in this hook. What need is there for them when 
all practicable experiments have been seen and all details 
fieard? Excellent material for out of school work will be the 
drawing of apparatus, and the wnting out of experimental 
details. Habits of attentive observation will thus be 
encouraged while, to aid the memory, notes may be taken. 
J.0 laciUtate note-taking, the text of the book is printed 
only on one side. The other side is left for notes and 
sketches. Numerical exercises will afford additional 
material for work m or out of school. These can be given 

Z f A Typical examples 

are worked out in the book. 


It is not necessary tliat the book should be used in 
the order in which it is arranged. If thought advisable, 
an elementary course of Hydrogen, Oxygen, Water, Nitro- 
gen, Air, and the Oxides of Carbon may be taken first. 
Still, the arrangement adopted is the order which the 
author has, after ten years’ experience, found most satis- 
factory. Many useful, instructive and attractive experiments 
can be devised to illustrate an elementary exposition of 
Theoretical Chemistry, without at once plunging into 
Hydrogen and Oxygen. 

This is no “ cram book ” in the batl sense of that 
expression. It is not intended to supplant the teacher, 
hut to supplement him. No pictorial illustrations replace 
experiments. The book is an honest effort to help 
the diligent to learn what the teacher demonstrates and 
expounds. 

My obligations to my colleague, Mr. H.T. Lilley.M.A., 
of Iklliol College, Oxford, Assistant Science Master at 
l^ortsmouth Grammar School, are very great. Since the 
idea of printing the “ Syllabus ” was conceived, I have had 
the great advantage of his constant advice and assistance. 

It was hoped that this second and enlarged edition 
would be absolutely free from misprints. I am, however, 
indebted to iny pupil Mr. H. B. Pollard, Science Scholar 
of Christ Church, Oxford, for reading the proof-sheets and 
compiling the list of errata. 


Orammar School, Portsmouth, 
March 2bth, 1880. 
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Before ushig t?iis book let the following comctiom be made 

1. 8, for 14 read 28. 

1. 9, for 2+1 read 2x1. 

1. 24, for 2H2 read II2. 

1.13, for combustion read combination. 

1. 2G, for NaS04 read NaHS04. 

1. 23, for Iodide read Chromato. 

1.36, for 2-8 read 97-2. 

). 34, for the equation read 2ICBr03 = 2KBr + GO2 
1. 17, for Qy read 302. 

1. 27, for 2HPO4 read 2H3P04. 

1. 4, for Oxygen read Hydrogen. 

1. G, for 4H2 read 4H2O2. 

1. 8, for Ba02 read BaO. 

1.14, for Ag read Ago. 

1.28, for Cu(CI02)2 read Ca(CIO)2. 

1.22, for HC102rcad2HC102. 

1. 3, for SbS3 read Sb2S3. 

1. 30, in the equation read Na2S204 = Ag2 S>03, Arc. 

!' ni’ equation /or P.iOs and N203’i-ead P2O5 and N 

!• 29, for NaS204 read NnaSOi, 

!■ 20, for H2PO4 read H3PO4. 

Calcium weighing 40 is 

l6nt of 2 atouie of Hydrogen, ^ ® 


2O5. 

tht« equivii* 



Introductory. 

1— Chemistry investigates the constitution of bodies. 

The Chemist ascertains the kinds of matter of which 
bodies are composed, and also the conditions under which 
matter can be decomposed, combined, or re-arranged when 
in combination. ° 

2— If we take a piece of Granite rock, a superficial 
observation will show that it consists of three distinct 
Minerals— Quartz, Felspar and Mica. These Minerals are 
held together by a force that is called cohesion. The 

investigation of this force belongs to the Tliysicist, and not 
to the Chemist. 

Again, any of the three Minerals may be broken un 
and powdered down into exceedingly minute portions, 
each of which js however, only Quartz, or Felspar, or 
Mica very finely divided. Here again the force overcome 

IS and we are stUl in the domain of the Physicist. 

Xlie limit of his work is sub-division. 

of these Minerals can he resolved into 

3 ^ ^^iooral is com- 

posed. This resolution is the Chemist’s work. The 

Physicist overcomes cohesion, breaks the rock up into 

then^The J ioto minute particlis, and 

then the Chemist resolves the Mineral into elements 

?f ElemeLr”^"® Hinerals. Minerals are composed 

Ohem";^l^Sombina“om‘ distinguished from 

any ^2an°e“^“ particles together without causing 

obLusU Onni? physical properties. Quartz is 

S though united to aMica. 

up lar-e masses°of Ihp ® together similar particles to make 
in liq^ds “a^d^not® manifested strongly in solids, feebly 
cohesion sohd, liquid, and gaseous — are owing to 
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Elements. 

1 — Definition — An element is a body which, by the 
means now at command, cannot be resolved cr broken up 
into anything else. All known matter is made up of about 
seventy such elements. 

2— The following is a table of thirty-seven of the most 
important elements, with the symbols by which they are 
designated in Chemical Notation : — 


Alutniuum 

A1 

Chlorine 

Cl 

Antimony 

Sb 

Chromium 

Cr 

Arsenic 

As 

Cobalt 

Co 

Barium 

Ba 

Copper 

Cu 

BismuOi 

Bi 

Fluorine 

F 

Boron 

B 

Gold 

All 

Bromine 

Br 1 

Hydrogen 

H 

Cadmium 

Cd 1 

Iodine 

I 

Cftlcium 

Ca ! 

Iron 

Fc 

Carbon 

C 

Lend 

Pb 


Magnesium Mg , Silicoa Si 

Mangiinosc Mil I Silver Ag 

Mercury Hp i Suilium Nn 

Nickel >{j Sulphur S 

Nitrogen N 1 Strontium Sr 

Oxygon O Tin Sn 

I’nllucimm Pd Zinc Zn 

Platinum Pt 

Phosphojus P j 

Potassium K I 


3 0. this number the great majority are rare. About 
ys per cent, of tlie earth’s crust consists of Silicon 
^uminum Calcium, Magnesium, Potassium, Sodium’ 
Iron, and Carbon, combined with O.'cygen. ’ 

^—The number of the elements is not certain. Mattw 
containing elements hitherto unknown is from time to time 
discovered. Progress in analytical methods may show that 
certain of tlie now so-called elements are leallv com 

Ki" nl f Pieseut known or unknown. 

Pettei observation may show that some elements aiv 

N P^^ysical modifications of other elements It 

are " f^SSested (and not ^ritIlout reason) "h"t "here 

aie but thiee primitive elements, and of these three all 
other so-called elements are composed. Tliese nrimitivp 
elements are Carbon, Hydrogen, and Dthcr ^ ^ 

5:»“5 =; 
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Characteristics of Chemical 

Combination. 

1 — Elements which have the strongest tendency to 
combine have opposite electrical properties. 

2 — The new compound formed is essentially unlike 
its constituents. 

3 — A Thermal change, definite in amount, always 
accompanies Chemical combination. 

*1’ — Elements combine in definite proportions by wciglit. 

5— The ne\y compound cannot generally be brokeirup 
by such mechanical means as solution or diffusion. 

G~Cbemical action is only a re-arrangement of matter, 
and never the destruction of matter. No matter is ever lost. 


Causes tending to modify Chemical 

Action. 

1 Golicsioii resists Chemical change. Solids rarely 
react. Bodies in fusion or solution react readily. Gases 
combine often with explosive violence. 

2 Heat by diminishing cohesion favours Cliemicul 
change. It augments the spatial intervals between the 
ultunate particles of bodies, and also increases the a"itation 
of these particle.s amongst themselves. Tins inci^ease of 
the sp|Jt»al intervals may end in decomposition or dissocia- 
tiom This agitation of the particles facilitates that contact 
without \yUich Chemical combination is impossible. Cot^pus 

non apit v,i alUrnm nisi dum. in ipsum impingii. 

'6-~Lifjht promotes change, sometimes combination, 
sometimes decomposition, sometimes re-arrangement. 

promote either decomposition or 
combination according to the conditions of the experiment. 

min jr' Hydrogen and Oxygen 

mitted to a spark comhinc and form water. ^ 
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0 — “Nascent state — Chemical action between two bodies 
is induced by the disengagement of one in the presence of 
the other. This efi'ect is due certainly not to the mere 
disengagement. There is good reason to believe that it is 
an electrical phenomenon. Bodies exliibit greater tendency 
to combine immediately after their liberation from com- 
bination. 

6 — Catalysis — Certain bodies such as Acj^ucous Vapour, 
Spongy I^latinum, induce Chemical change, while the in- 
ducing body undergoes no apparent change. Such bodies 
are called Catalysts. 


Chief Modes of Chemical Action- 

1 •^'iialysis — Mercuric Oxide on heating yields 
Mercury and Oxygen. 

- Synthesis — Iron, when heated with Sulphur, yields 
Iron Sulphide. 

3 Displaccvncnt — Sodium displaces Hydrogen from 
Water. 

4— decomposition, or, interchange of partners — 
iotassiuni Iodide and Mercuric Chloride, on niixin<^ their 
solutions, yield iMercuric Iodide and Potassic Chloride. 

Potassium^^^^^Mercury ^Mercuric Iodide. 

Iodme/\chIorine=Potassic Chloride. 


Two Fundamental Laws of 
Chemical Combination. 

1— The Law of Constant Composition, 

the consists of 
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Experimental Verifications. 

1 — Ammonium Nitrate, whether obtained by tlie 
action of Nitric Acid on a solution of Ammonia, or by the 
action, of Nitric Acid on Ammonium Carbonate, always 
yields, when heated, the same two gases — Aqueous Vapour 
and Laughing Gas. 

2 — "Water, wdiether obtained from natural sources, 
or by laboratory I'eactions, always yields, when decom- 
posed by Electricity, the same two gases — Hydrogen and 
Oxygen. 

2 — Law of Definite Proportion. 

The elements in a compound are always 
present in the same proportion. 

Experimental Verifications. 

1 — From the same weight of Lead Acetate the same 
weight of Lead is always turned out by Zinc. 

2 — From the same weight of Sulphuric Acid the same 
volume of Hydrogen is ahvays evolved by the action of 
Magnesium. 


The Law of Multiple Proportion. 

1 — The results of Analysis, which revealed the Law 
of Definite Proportion, were expressed in tlic form of per 
centres by weight. Thus 100 parts of "Water was said to 
consist of 1 11 of Hydrogen, and S8*9 of Oxygen. 

Similarly the red Oxide of Copper was found to con- 
tain 88*8 of Copper, and 11’2 of Oxygen in 100 parts. 

Black Oxide of Copper was found to contain 
Copper, and 20' 13 of Oxygen in 100 parts. 
t compouud of Carbon and Oxygen was 

lound to contain 7273 of Oxygen and 27*27 of Carbon, 

^hile another contained 42*8.5 of Carbon, and 57*15 of 
Oxygen. 

, , ^ From an examination of such percentages Dalton 
aeduced the Law of ^Multiple Proportion. The following 
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exami)le will show how this Law follows from the Law of 
Definite Proportion : — 

If 42'85 of Carbon combines with 57*15 Oxygen, 

Then 1 of Carbon combines with = of 
Oxygen. 

And if 27*27 of Carbon combines with 72'73 Oxygen, 

Then 1 of Carbon combines with a = *2*66 
of Oxygen. 

Now, 1’33 : 2'66 : : 1 : 2. 

Therefore the quantity of Oxygen combined with the 
same amount of Carbon in the second of tliese two com- 
pounds is double tlie quantity in the first. If tlic first be 
written CO, the second must I)e written COO, or CO._.. 

In the same way it nia}* l.)e shewn that the two 
Copper compounds can be written Cu.^0 and CuO 
respectively. 

3 — Prom an extended investigation of similar cases, 
the folloM’irig general Law of IMultiple Proportion is 
deduced. 

When an Element unites with another in 
several proportions, the higher proportions 
are simple multiples of the lower. 

4 — It follows from this law that, if a substance be 
found to contain elements in any proportions other than 
multiples, by unity or other integer, of their atomic weights, 
the substance is not a chemical compound. It is only a 
mixture. Thus air contains Oxygen and Nitrogen in the 
proportion ot IG of Oxygen to 51*5 of Nitrogen. As 51*5 
IS not a simple multiple of 14, air is hold to be a mixture 
snd not a Chemical compound. 


Law of Reciprocal Proportion. 

1 /I 1^. e^^ch combine with a third 

0 y, C, they can only combine with each other in pro- 
portions which are measures or multiples of the piopor- 
lions in which they each combine with C. 
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Thus Nitrogen and Hydrogen each combine with 
Oxygen in the proportions shown below : — 

N itrogen . Oxj'ge 1 1 - 

Laughing Gas - 28 lb 

Hydrogen. 

Water 2 IG 

Nitrogen and Hydrogen combine with each other to 
form Ammonia in the proportion of 14 of Nitrogen to 0 ot 
Hydrogen. Now 6 is a simple multiple of 2. 


The Atomic Theory. 

To explain these Laws Dalton revived the Atomic 
Theory, and extended it by introducing the idea of quan- 
tity. This may he thus stated : — 

(1) Matter is made up of minute indivisible particles 
called atoms. 

(2) Atoms of the same elements have tiie same weight, 
but atoms of different elements have different weights. 

(3^ Compounds are formed by the coalition of atoms 
of elements. 

. (4) The weight of the atom of any element may be 
expressed relatively to the weight of any element selected 

as a unit. Hydrogen is the element chosen for this 
purpose. 

Evidence for the Atomic Theory, 

1— The Porosity of Matter. Examples: (1) The 
iJlorentiue Experiment. (2) One gas acts as a vacuum to 
another. 

2 — That light is propagated only through bodies that 
are discrete. 

phenomena of the dispersion of light are 
possible only if the body causing dispersion is discrete. 
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5 — The Atomic Theory has not only explained the 
laws ol combination, but, as a working hypothesis, has 
materially aided the development ot‘ Chemistry and 
Physics. 

Application of Dalton’s Principle to 

Chemical Notation. 

(1) Assuming that the weight of Hydrogen iu every 
Hydrogen compound is unity, Dalton drew up a table of 
what he called Atomic weights. Allowing for experimental 
errors, the numbers produced by Dalton for a few of 
the more important elements were the following : — 

H = 1 N = 40G 

0 = 8 c = G 

DaltoiVs numbers, however, are not properly speaking 
Atomic weights. They are proportional numbers referred 
to a umt, which is tlie weight of Hydrogen in each Hydro- 
gen compound. His chosen unit is really a variable 
quantity. 

D^ton's assumption that the amount of Hydrogen in 
every Hydrogen compound is unity was soon shown to be 
untrue by Gay Lussac and Avogadro. 


G-ay-Liissac’s Law of Volumes. 

,, Gay Lussac’s experiments on Gases led to 

the discovery of the following law : — 

Gaseous substances unite in volumes that 
have some simple ratio. 

(1) 1 volume of Hydrogen and 1 volume of Chlorine 
lorm 2 volumes of Hydrochloric Acid. 

(2) 2 volumes of Hydrogen and 1 volume of Oxycren 
lorm 2 volumes of Steam. 

n of Hydrogen and one of Nitrogen unite 

to torm 2 volumes of Ammonia. 
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2 — An investigation of Volumetric combination re- 
veals also these three laws : — 

(1) When the gases combine in equal volumes there 
is generally no contraction. 

(2) When the gases combine in unequal volumes there 
is generally a contraction. 

(3) The resultant contracted volume is generally equal 
to two units of the volumes that Iiave combined. 

3 — Gay-Lussac also observed tliat the weiglits of 
equal volumes of the gaseous elements are in the same ratio 
as their Atomic weights — that is to say, equal volumes con- 
tain the same number of atoms. This paved the way for the 
great Law of Avogadro, by which tlie Theory of Dalton and 
the Law of Gay-Lussac were brought into perfect harmony. 


Law of Avogadro. 

Equal volumes of different gases contain 
the same number of Molecules. 

1 — Since a volume of Oxygen is 16 times as heavy as 
a volume of Hydrogen, it follows from Gay-Lussac’s theoiy 
that if the Atomic weight of Hydrogen be 1, tlie Atomic 
weight of Oxygen is 16. Now Oxygen and Hydrogen 
conibiue together in the ratio of 8 to 1 by weight, and 

wierefore in the ratio of 16 to 2. We must therefore write 
Water H„0. 

. 2 — Although 2 parts by weight of Hydrogen combine 

with 16 parts by weight of O.xygen to form IS parts by 
weight of AVater vapour, yet AVater vapour is not 18 
tmies as heavy as Hydrogen. It is found to be only 9 
tunes as heavy. To remove this difiiculty, Avogadro 
restated Gay-Lussac’s Theory thus : — “ Equal volumes of 
uerent gases contain the same number of molecules*' 
e molecules of elementary gases are made up of two 
oms of the same kind. The molecule of a compound gas is 
t up of atoms of different kinds, and wdiatever be the 



19 


number of atoms in it, tbe molecule always occupies the 
same space as the two atom molecule of an element- 
ary gas. Keaction is always between molecules. There- 
fore,- in accordance with Avogadro’s Theory we must write 
not H., +0=H«0, but 

2H., + 0, = 2H.,0. 

2 molecules+1 molecule=2 molecules, 
or 2 volumes +1 volume =2 volumes. 

This equation expresses the proportions hf/ volume, and 
also the proportions hy vjciyht. 

Equations should always be written molecnlavly. 

3 — On purely dynamical grounds it can be matlie- 
matically demonstrated that equal volumes of two gases, at 
equal temperatures, contain the same number of molecules. 

4 — Hence it follows that in gases the masses of mole- 
cules must be in the same ratio as the densities ot the 
gases. This principle will enable ns to establish a system 
of molecular weights. 

The following Table exemplifies the determination of 
the molecular weights of a few bodies : — 


Xmiic of Dody 

1 

Density fonn»-ivo<l 
• witli air= 1 

Uatio of Deiibitii's 

Mnlerulnr 
woiijlits 11=: 2 

Hydrogen 

•0G03 

' 1 

1 

1 

1 

•> 

Ohlorino 

2-44 

•0693 : •2-44 :: 2 : «• 

71 

Bromine 

3-393 

•6G93 : 3-393 v.'l -.x 

1 

.r=lO) 

lodino 

S-71G 

•0603 ; S-71G *2 : // 

.'/=254 

Wftter J 

•6227 

•0693 ; -O-'S: - 

18 


0 It is only in the gaseous state that molecules 

^cupy equal volumes. The density of air with respect to 
Hydrogen IS = ^ 
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Eeraembering this, from gaseous density we can find 
molecular weight, and from molecular weight we can find 
gaseous density. 

Examples: (1) The density of gas compared with air 
is IT, find its molecular weight. 

^Density compared with Air =1T 
, ■ . „ „ Hydrogen=lT x 14'4= i j'Sf 

And molecular weight = 15'84 x 2 = 31GS. 

(2) The molecular weight of Laughing Gas is 41. 
Find its density compared witli air. 

Molecular weight=44 

44 

. • . Density compared with Hydrogen = 

•li 

Dulong and Petit’s Law. 

1 — Very different quantities of heat are required to 
raise lib. of different substances through the sair.e range 
of temperature. 

If lib. of water at 100® C be added to lib. of water 
at 0® C, the resulting temperature is 50® C. 

If lib. of water at 100® C be added to 11b. of Jlercury 
at 0® C, the resulting temperature is about 90® C. 

Water is therefore said to have a greater capacity for 
heat than Mercury. 

2 — Water has a greater capacity for heat than nearly 

^ other bodies. If we take for our unit the quantity of 

heat required to raise lib. of Water through C, and call 

It “ 1, then the quantity of heat required to heat lib. of 

nearly all other substances will be less than 1, or will be a 

juoper fraction. This fraction is called the Specihe-heat of 

that substance. The Specific-heat of a few elements is 
shown below. 


I 
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Name. 

Spec. heat. 

j Na]i)04 

Spec. heal. 

Soilium 

•29 

Tin 

•054H 

MaTuesium 
• # 

•25 

Iodine 

•0541 

Potassium 

•ICG 

Mercury - 

•0310 

Iron 

•112 

Platinum 

•0314 

Zinc 

■0955 

Lead 

•0307 

Silver 

•057 

Bismuth 

1 

•0305 


3 — Dulong and Petit taking iomic v:ci()htSy instead 
of equal weights found that tlie atoms of nearly all 
simple bodies have the same capacity for 
heat. The capacity for heat of tlic atoms (commonly 
called Atomic heat) is G’l times the capacity for heat of 
the unit of weight of water. 

4 — From this generalisation we can deduce the follow- 
ing relations, which will enable us to determine Atomic 
weights from Specific-heats : — 

Atomic weight Of Element : Unit weight of Element. 

: : Atomic heat : Specific heat. 

: : 6’4 : Specific heat. 

. • . Atomic weight _ 6'4? 

1 Sp. heat 

that is Atomic weight = ^ 

Sp. heat. 

E.xamples fl) : The Specific heat of Lead is 0307* 
What is its Atomic weight ? 

Atomic weight = 5.^ = 207 nearly. 

° -0307 

(2) The Atomic weight of Iodine is 127 ; find its 
Specific heat. 


Sp. heat 



127 


•054. 
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5— The application of Diilong and Petit’s Law lias 

been extended to Compounds. 

Molecular weight miiltiplied by tlic Specific heat of 
the Compound = n (b'4). where n is the number of atoms 
in the molecule. 

G_The Atomic heats of the following Elements are 
anomalous as at present determined. 

Hydrogen = 2'4 lioron = 5'5 

Oxygen = 4T Carbon = 55 

Nitrogen = 5*5. Silicon. — 5 '5 

7 — As a corollary to Avogadro’s Law we observe that 
equal volumes of Elementary Gases require the same amount 
of heat to raise their temperature through one degree. 

Mitscherlicli’s Law of Isomorphism. 

1 — Law — Identity of Crystalline form indicates 
analogy of Chemical constitution. 

2 — Ammonia and Hydrochloric Acid form a compound 

whose molecule consists of six atoms. The compound has 
the same crystalline form as the compound of I’otassium 
with Chlorine, whoso molecule consists of two atoms, 
and whose formula is KCl. Therefore we assign to the 
Ammonia compound a similar formula — AinCl, where Am 
stands for a group analogous to K. 

3 — Similar considerations have led to new arrange- 
ments of old formulce, and to consequent modifications of 
Atomic and Molecular weights. 

4 — ^\Vhen a body crystallizes in tw’o or more systems 
it is said to be dimorphous or polymorphous. This con- 
stitutes dimoi*phism or polymorphism. Bodies that have 
no obvious ciystalline form arc said to be amorphous. 
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Determination of Atomic "Weiglits. 

First il/ef/iOfZ— Vapour density. 

1 — Equal volumes of Elementary Cases contain the 
same number of molecules. 

2 — The molecular volume is twice the volume occu- 
pied by the atom of Hydrogen. Tlierefore ttie 
Atomic weiglits of Elementary Gases are as 
the densities of the gases. 

0 — Example : — The density of a certain Eleinentary 

Gas compared with air is 1*5. Find its Atomic weight. 

Air is If'-l times as heavy as Hydrogen. Therefore 
the density of the Elementary Gas compared with Hydro- 
gen is 14*4 X 1*5 = 21‘6. The Atomic weight of the Gas 
is 21-6. 

S€co7id Method — Least "W^eight. 

1— The Atomic weight of an Element is 
the smallest weight which enters into or is 
expelled firom chemical combination in the 
molecular weight of any of its gaseous 
compounds. 

This is a corollary from the doctrine of atoms. 

The molecular w'eight of the gaseous compound is 
Imown from its vapour-density. The percentage compo- 
sition of the compound must then be ascertained by 
analysis or by synthesis. Then, since the amount of the 
Element present in 100 parts of the gaseous compound is 
known, the amount present iu the molecular weight can be 
easily calculated. The application of this principle is 
exemplified in the following table. 




Table showing the Atomic Weight of Nitrogen. 


29 


§ .5 

- 

5 s o 

O o «£ 

7 Si 

.12® 

- 


c 

0 

0 

A 



c* 

« 

tL 

t£ 

t£) 


>* 




H 

y. 

y. 


o 

c 

O 




(m 


c 

c 

c 

o 

^-4 

Cl 

ac 

CO 


0 SZ G 

c g 
•— o • 

S ^ Si 

s 

o V 
o 


2 

I'sf 
•e >..s 

g.-- 
2 S 

n 


&§ 

c’5 

ii 

S c 
o 


Ct iO 

<b 

cc 


o « 
« «b 


^5: 


0 
g & 
IS2 

K.t: 

ca 


0 
C 9 
o to 
to c 

C25 


CC e'J 
oo 

•• »o 


o 

^ ;c 


ga> 

1^2 

K.ti 

c^; 


c 

g S) 

OJC 


g a 

to v 
c ho 

u Q 
•0 fc* 

^.'ti 


gloll 

^ 


l-E 


jz; 


From this Table it is seon that the smallest rjuantity of Nitrogen fouii'l in a Molecule of any of its comiioonds 
ij H. This, therefore, is taken to he the Atomic weight of Nitrogen. 
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Third Dulong and Petit’s Law. 


Atomic weight 


G-4> 

Specific heat. 

For example, the Specific heat of Iron is *112. 

/% j 

Now, = oG, which is the Atomic weight 


■112 


of Iron. 


Fourth Method — Equivalents. 

1— Tliat quantity of an Element wliicli 
can combine with or displace the unit weight 
of Hydrogen is called the equivalent of that 
Element. 

2 — The Atomic weight is the equivalent or a multiple 
of it. What multiple the Atomic weight is of the equiva- 
lent is determined by comparison with the results of the 
Thii'd method. Diilong and Petit’s law supplements the 
method of Equivalents, but the latter method is capable of 
greater accuracy. The two methods are, therefore, used in 
conjunction. 

3— AVe find by experiment that one gramme ot 
Hydrogen is displaced by 28 grammes of Iron. We have 
seen by Dulong and Petit’s Law that the Atomic weight of 
Iron is 56. In this case the Atomic weight is twice the 
combining proportion, 56=2x28. 

^“T^The equivalent of an Element may be determined 
by finding the weight of it that combines with another 
radicle whose equivalent is already known. 

We find by experiment that 1-3305 grammes of 
Copper will yield 1-6675 grammes of Cupric Oxide. 
Therefore the amount of Oxygen with which the Copper 

1-6675— 1-3305 = -337 grammes. Now, if 
337 gi*ammes combine with 1*3305, thou 8 grammes (the 
Wjuivalent of Oxygen) will combine with 312 grammes of 
Copper, and 3 12 is the equivalent of Copper. 

, *'^1 following is a table of the Atomic weights of 

the principal elements — 



33 


Table of Equivalents and 
Atomic WeigtLts. 



Eriuivak-nt, i.e., the 
weight that combiccs 
with or displaces one 
gramuje of liydrogtn 


Atomic ’Weight, 


9 

40 

25 

68-3 

70 

3- 7 
80 
56 
20 

2-9 

35*0 

26-2 

29-5 

31 - To 
19 
65-5 
I 

127 

28 

103-5 

12 

27.5 

100 

29-5 

4- 7 
8 

26-53 

10-3 

49-25 

39 

7 

10 

23 

43-75 

16 

29-5 

32- 5 


27 
120 

75 

137 

210 

11 

80 

112 

40 

12 

35-5 

62- 5 
59 

63- 5 
19 

196-6 

1 

127 

56 

207 

24 

55 

200 

59 

14 

16 

106 

31 
197 

39 

28 
108 

23 

87-5 

32 
118 

65 
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Valency. 


1 — Atoms, and also groups of Atoms, h«ave the power 
of combiuiiig with or displacing other Atoms or groups of 
Atoms. 

2 — The Valency of an elementary Atom is a number 
expressing the maximum number of Hydrogen Atoms 
which this elementary Atom can combine witli or displace. 

3 — The Atoms of Elements are called simple radicles. 

A group of Atoms forming a constant constituent in a 

series of compeunds, and replaceable by simple radicles 
is called a compound radicle. 

4— AVe have now to deal with the Valency of (1) the 
simple radicles ; and of (2) the compound radicles. 

The following are characteristic compounds of otlicv 
elemcTits with Hydrogen : — 

HCl H2O II3N IjiO 

Hydrochloric Acid Water Atmnooia Gas 


HF H2S II 3 P IJ.jj;: 

Hydrofluoric Acid Sulphuretted Phosplnircttcd SiliciureU<a 

e • U>:drogc»_ lly.lrogca Hydrogen 

5— Chlorine and Fluorine, which combine with one 
Atom of Hydrogen, are said to be monovalent. Oxygen 
and Sulphur arc divalent^ Nitrogen and Phosphorus are 
tnvalent. Carbon and Silicon tetravalent. 

term Valency must not be con- 
founded with, the term Equivalent. The 
V alency of an Atom is the number of Hvdro 
gen Atoms wMcb it can combine wit^h or 


The Valency of Zinc is 2, or it is said to be a Dvad 
became an atom of Zinc displaces 2 atoms of Hydro wn 

^.l^ivalent of an Element is^ the 
weight of It that can combine with it or di«! 
place the unit of weight of Hydrogen 

The Equivalent of Zme is said to be 31o beciiK<» 
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In finding Valency we consider otw Atom of tlic dement 
and find the number of Atoms of Hydrogen with which it 
combines or which it displaces. 

In finding the "Equivalent we consider unit weight of 
Hydrogen, and find what weight of the element combines 
with or displaces this unit. 

7 — These terms, hlonatomic, I>iatomic, <S:c., designate 
the number of Atoms contained in the molecule. Tor 
there are exceptions to the general law that the molecule 
contains two Atoms. 

The molecules of Zinc, Cadmium, and Mercury con- 
tain but one Atom. They have monatomic molecules. 

The molecules of Phosphorus and Arsenic contain 
four Atoms. They have tetratomic molecules. 

S— The following Table presents a classification of the 
more important Atoms, or simple radicles, according to 
Valency. The marks at tlie top right hand corner of the 
symbols denote the Valency : — 


I. 

Monads. H 

H' 

F' 

Cl' 

Br' 

1 ' 


Ag' 

Na' 

K' 


II. 

Dyads. Hi 


IV. 

Tetrads. 
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9 — The following Table presents a classification of 
the principal inorganic compound radicles : — 


I. 

Monads. H 

II. 

Dyads. H 2 

1 

in. 

Triads. Hs 

IV. 

Tetrad. H4 

Hydrate = HO 

Carbonate 

= CO 3 

Pbosphato = PO-i 

Pyrophosphat© 

Nitrate a K03 

Chlorate r=C10^ 
Ammoniumss 

Sulphate 

= aOi 

i 

1 

= P 2 O 7 ' 


11 — The following selection of compounds will illus- 
trate the application of tliese principles. It will be seen 
that members of the same group combine radicle for radicle. 
Dyads combine with two Monads. Two Dyads will com- 
bine with one Tetrad. Three Dyads combine with two 
Triads and so on. 




H'CT 

Hydrogen Chloride 

H*r 

Hydrogen Iodide 

Ag'cr 

Silver Chloride 

(NH,y (NO3)' 

Ammonium Nitrate 

Pb'^NOa)/ 

Lead Nitrate 


Potassium Oxide 


Silver Sulphide 

Ba'^O'^ 

Barium Oxide 


Barium Chloride 

{SOJ' 

Calcium Sulphate 


Calcium Phosphate 

Bi'^'CTa 

Bismuth Chloride 

H'sPO,. 

Hydrogen Phosphate 


Ferric Oxide 
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Chemical N omenclature and 

^rotation. 

Chemistiy possesses a strictly scientific nomenclature, 
together with a corresponding symbolic notation. Kvery 
element and every compound not only has a correct scien- 
tific name, but also a symbol or formula by which it can 
be represented in notation. 

So closely do the nomenclature and the notation cor- 
respond, that, after an exposition of the principles of nomen- 
clature and of notation, the name will be evident from tlie 
formula, and the formula from the name. 

I. — 3Sr omenclature. 

1 — The great principle is that the constitution of the 
compound is signified by the name employed. 

2*|“Compounds are said to be binary, ternary, etc., 
according to the number of Elements that make up the 
compound. 

3 — The nomenclature of binary compounds is based 
upon certain electrical characters of the elements. When 
Water, which is a compound of Oxygen and Hydrogen, is 
subjected to the action of a strong electric current, the 
elements separate. Oxygen appe.ars where the current 
^ters. Hj'drogen appears where the current leaves. The 
Hydrogen, goes, as it were, with the current, and so is said 
to be positive. The Oxygen remains, as it were, against the 
current, and so is said to be negative. Now, although the 
elements cannot be sharply divided into two classes, 
positive and negative, yet they can be arranged so that 
each IS positive to all that follow it. 
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The following is such an arrangement of the more 
important elements : — 


Potassium + 

Sodium 

Magnesium 

Zinc 

Iron 

Aluminium 

Lead 

Tin 

Bismuth 

Positive 

Copper 

Mercury 

Platinum 


Gold 


Hydrogen 

Antimony 

Carbon 

% 

Phosphorus 

Sulphur 

Oxygen 

Bromine 


Iodine 

Chlorine - 

Negative 


From this Table it will be observed that the Metals 
are as a class positive to the remainder. 

^ — Id. nomenclature the name of the more positive 
element comes first. Thus we speak of Potassium Chloride, 
and we write KCl and not CIK. 

^ — ^When a pair of elements form only one compound, 
the ^me denoting the negative element ends in trfe, 

Chlorxdcy Hydrogen Chloride^ Magnesium 
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6 — When the same elements unite in two proportions 
the positive element ends in otis for the lower proportion 
of the negative element, and in ic fov the higher projiortion. 
Thus from the name StannoKS Chloride we learn that this 
compound contains less Chlorine than Ski7inic Chloride. 

Similarly AUtroits Oxide contains less Ox 3 'gen (than 
Nitric Oxide. 

7 — If the elements unite 'in more than two ])iopor- 
tions, a proportion of the negative element lower tliaii the 
proportion found in the oris compound is indicated by 
prefix Hypo. Thus Hypochlorons Oxide contains less Oxy- 
gen than Chlorous Oxide. A proportion of the negative 
element greater than tlie proportion present in tlic ic com- 
pound is indicated by the prefix Per. TIius Perchloric 
Oxide indicates a higher proportion of Oxygen Ilian is 

found in CA/onc OxidI! 


^ — When compounds of the same elements are very 

numerous, recourse is commonly had to Greek numerals. 

The prefixes mono, di, tri, tetra, penta, indicate the number 

of Atoms of the negative element present. The term 

Gi^ui,^ meaning one-aiid-a-half is used when the ratio is 

The name Feri ic Sesquioxide indicate an Oxide 

where the Atoms of Iron and Oxygen are in the ratio of 
^ to o. 

9— Before proceeding further into the subject of 

omenclature, we shall expound the principles of Notation. 

XT \ resume the exposition of Nomenclature and 

Notation side by side. 


II— Hotation. 

element there is a symbol which is 
usually one or two letters of its Latin name. 

Ihus, C = Carbon Cu = Copper 

Ca = Calcium Co = Cobalt 

Cd = Cadmium Cr = Chromium 

Mg Magnesium Mu = Manganese 

Hg = ^lercury. 
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2 — This symbol does not denote simply the clement. 
It denotes Atomic weight of the element. Thus Ag 
should be used not as an abbreviation for Silver, but for 108 
jjartsly weight of Silver. Similarly 2Ag, or Ag^ denotes 
2 X lOS parts of Silver. Symbols should be employed in a 
quantitative sense only. 

Z^Gom-pounds arc symbolised by writing the symbols 
of the constituents after each other. The number of Atoms 
of each constituent present is denoted by a small numeral 
at the bottom right hand corner of the symbol. Thus 
signifies Silver Oxide, consisting of 2 atoms of Silver 
united to an Atom of Oxygen, or, by weight. 2x 108 + 
16 = 232 parts of Silver Oxide. 2Ag.^ signifies 2 mole- 
cvtles of Silver Oxide, or 2 x 232 parts by weight of Silver 
Oxide. A numeral prefixed to a compound or any part of 
a compound multiplies all that follows it. The same thing 
is also signified by enclosing the elements in a bracket, and 
placing the numeral at the bottom right hand corner. 
Thus, Pb2NOg and Pb (NOg)^ signify the same thing. 

I-— The sign -f placed between two symbols signifies 
that the bodies are in conjunction or mixed. 

Ko + Og signifies 2 x 39-1 p^vts. by weight, of 

Potassium in contact with 2 x ifi parts, by wei<^lit of 

Oxygen. ^ > 

5- ,The sign = is used iu the sense of ‘^yields" or 
"produces.” 

6— -Chemical changes are represented by formula? 
arranged m equations. The two sides of the equation 
represent equal weights of matter. 

Thus, 

Zn+2HC1 = ZuCL + H„ 

C5 + 2(1 + 35’5) = (65 +'35-5 x 2) + 1x2 

65 + 73 = 136 + 2 
138 = 138 
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III. — ZSTomenclature and notation. 

* 

1 — If a pieco of Sodiuoi and a piece of Phosphorus 
be separately burnt in air, wc obtain an Oxide of each. 
These Oxides can be denoted by the fomaulce NajjO and 
P2O5 respectively. Tltey arc named Sodium Monoxide 
and Phosphorus Pentoxido respectively. 

2 — These Oxides manifest their opposite properties by 
their action on Water. The solution of Sodium Oxide 
turns red litmus blue, and is thereby shown to ho. Alkaline, 
The solution of Phosphorus Pento.xide reddens blue litmus, 
and is thereby shown to be AcUl. 

Na^O + HgO = 2 ]SraHO 

P2O, + H^O = 2HPO3 

3 — Sodium Oxide is electro-positive to Phosphorus 
Pentoxide, and will combine directly with it. 

Na^O + P..O5 = 2NaP03 

4 — If instead of one or both of the Oxides wo substi- 
tute the Hydrated Oxide (NaHO or HPO3), we obtain the 
same product NaPOj, and the Water reappears in the 
equation as a secondary product. 

2 HaHO + 2HPO3 = 2NaP03 + 2H2O 
2 NaEO + P2O3 = 2NaP03 +• H^O 
Ha^O + 2HPO3 = 2NaP03 + B .^0 
, 5 — The more positive elements, such as the metals, form 
O^des like Sodium Oxide, though they do not always yield 
Alkaline solutions. The more negative elements, the non- 
metals, form Oxides like Phosphorus Pentoxide. 

^ The Oxides like PhosjDliorus Pentoxide, which 

wmhme with Water, yielding Acids, are called Anhy- 

todes. 


+ 2H20 

+• HjO 
+ H2O 


+ H„0 


2HPO 


2 HPO 3 + Na^O = 2NaP03 + H„0 

u /. ' Those Oxides like Sodium Oxide, whiph, either 

by '^ater, will react with 
Aubydndes or Acids, are called Basic Oxides. The pro- 
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duct of the combination of a Basic Oxide with Water is 
called a Hydrate. All Hydrates contain the grouping 
HO. 


Na .,0 + H.O = 2 NaHO = Sodium Hydrate 
CaO + H „0 = Ca (H0)3 = Calcium Hydrate 
ALO^d- 3 H., 0 = Al^COH)^ = Aluminum Hydrate 


8 — An Acid, may be defined as a compound which 
contains Hydrogen replaceable by the metal of a Hydrate, 
the displaced H combining with the (HO) grouping of the 
Hydrate to form HgO. HgSO., is an Acid. It can be 
formed by the union of the Anhydride, SO^, with Water. 
Its Hydrogen is replaceable by the metal of a Hydrate 

H^SO, + 2 NaHO = K^SO, + 2H2O 

9 — Acids which contain one Atom of replaceable 

Hydrogen are called monohasic. If they contain two suoli 

Atoms they are called dibasic, &c. For example, HCl, 

H2SO4, HjPO^, are monobasic, dibasic, and tribasic 
respectively. ’ 


10 — When Basic Oxides or Hydrates act on Acids the 
oompound formed by the replacement of the Hydro^eii of 
Acid by the metal of the base is called a Salt. Thus 
K2SO4 is a salt called Potassium Sulphate. An Acid mav 
be regarded as a salt whose base is Hydrogen. 

Salts are said to be Acid or Normal according as tlie 

the Hydrogen is displaced. Thus 
KHSO4 IS an Acid Salt. KgSO^ is the Normal Salt. 

TTO group 

Jiaste^aits. They are not numerous. 

CU3 (H0)2 (003)2 is Basic Carbonate of Copper. 

«« ^ 2— Acids whose names end in oiis form salts whn«^*i 

= sis Si •”'* *» * 
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H2SO3 

K^SO^ 


= Sulphurous Acid, or Hydrogen Sulphite. 
= Potassium Sulphite. 

H 2 SO 4 = Sulphuric Acid, or Hydrogen Sulphate. 
K 2 SO 4 — Potassium Sulphate. 

13— The term Base is applied to compounds that are 
converted into salts with acids either by the formation of 
no secondary product, or of Water only. 

These compounds are Metallic Oxides^ HydraieSy and 
the Hydrides of Nitrogen, Phosphorus, Arsenic, and 
Antimony. 


Chemical Arithmetic. 
Metric System of Weights and 

Measures. 


I metre = 39'37 iocLcs 

10 metres ss 1 decametre 
100 metres = 1 hectometre 
1000 metres = 1 kilometre 


metre = 
metre = 

ThW = 


s 1 decimetre 
1 centimetre 
3 1 DiiHmctro 


, 1 ^mmo 15*43 grains 

I 

10 grammes = 1 decagramnio 
100 grammes s= 1 hectogramme 
1000 grammes = I kilogramme 

^ -jlj grammo = 1 dccigrammo 
grammo = 1 contigrainmo 
^ ^ gramme = 1 nulligramme 


1 litre = a cubic decimetre, or, 

1000 cubic centimetres = 01*92 cubic inches 
I litre of water at 4*’C weighs lOOO 
grammes (put in value in pts. or qts.) 

1 gallon = 4*534 litres 


I. — On the Relation between 

and Volume. 


Weight 


1*— One gramme of Hydrogen at a temperature of 0*^0 
and under a pressure of 760 millimetres of Mercury occu- 
pies 11*2 litres. 




Since the densities of the simple gases are in same 
ratio as their combining weights, it may be stated generally 

that the combining weight in gram m es of a 
simple gas occupies 11*2 litres when the 
temperature is O'C and the pressure 760inm. 

Thus, 16 grammes of Oxygen, 14 grammes of Nitro- 
gen, 35*5 grammes of Chlorine, occupy severaUy 11*2 
litres at 0^*0 and 760mm pressure. 

3 — If it be required to find, say, the weight of 40 
litres of Oxygen, at O^C and 7C0mm., the process is as 
follows : — 

11*2 litres at 0°C and 760 mm. weigh 16 grammes 
. ■ . 1 litre „ „ weighs(16^11'2) grammes 

and 40 litres „ weigh(l6-^ll'2;x40grms=57'l grms. 

4 — If it be required to find the volume of 20 grammes 
of Nitrogen at 0®U and 760 mm., the process is as 
follows : — 

14 grms of Nitrogen at 0°C & 760mm. occupy 11*2 litres 

1 gramme „ „ occupies (11‘2^14) litres 

and 20 grammes „ „occupy(ll'2-j-14)x20 litres 

5 — Siuce the densities of the compound gases are as 
their molecular weights, it may be stated generally that the 
molecular weight in grammes of a compound gas occupies 
22-4 litres at 0®C and 7GUmm. The molecular volume — 
that is to say, the volume occupied by the molecular 
weight (expressed in grammes) is 22*4 litres. 

6— In the following simple substances the relation 
between weight and volume is anomalous : — 

Mercury Hg 200 grammes occupy 22‘4 litres 

Cadmium Cd 112 

Zinc Zn 56 

Phosphorus P 31 

Arsenic As 75 




22-4 

» 



2-24 

» 

»> 

» 

5*6 


y> 

/ 

f> 

5*6 

ft 



57 


4 


7 — In the following compound gases the relation is 
anomalous, and is set forth below : — 


Name. 

1 

Formula. 

Weiglit in 
, gmmmcs* 

Volume in 
litres. 

Nitric Oxide 


N2 02 

60 

44-3 

1 

Femitric Oxide ... 


N2 Ol 

36 

44-8 

Chlorous Oxide ... 


Cl2 03 

119 

44-8 

Peichloric Oxide .. 

1 

Cl2 04 

135 

44-8 

Mercurous Chloride 


Hg2 Cl2 

271 

44-8 

Ammonium Chloride 

•«e 

(NH4) Cl 

535 

44-3 

Arsenous Oxide 

••• 

As2 03 1 

1 108 

11-2 


8 — In the foregoing examples we have considered^ t/te 
volume of the unit of weight. It is often more convenient 
to consider the weight of the unit of volume. As the 
gramme is taken as the unit of weight, so one litre is taken 
on the unit of volume. 

9 — Tlie weiglit of one litre of Hydrogen at 
0®C and 760 mm. is 0896 grammes. 

10 — To find the weight of a litre of any gas, simple or 
compound, all that is necessary is to multiply *0896 by tbe 
density of that gas compared with Hydrogen. 

11 — Thus the weight of a litre of Nitrogen is 14 x 0896 
grammes ; and the weight of a litre of Hydrochloric 

Acid gas (HCl = 2 vols.) is ^ ^ >=*0396 grammes 

es 1*63 grammes. 
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II.— On the Variation of the Volume 
of a Gas for Temperature and 

Pressure. 


A.— Volume and Temperature. 

l_Gases expand -jfj part of tlicir volume at 0®C for 
every increase of temperature 1®C. 


Thus 273 vols. of gas at 

0®C 

become 

274 „ 

>> 

1®0 

}y 

275 „ 


2®C 

ft 

273 -bn 

if 

n®C 

if 

Similarly, 273 vols. 

rj 

0®C 

if 

272 vols. 

>> 

— 1®C 

ff 

271 vols. 

»> 

— 2®C 

fi 

273—273 = 

= 0 at - 

-273®C 



This temperature — 273® is called absolute Zero. Tempe- 
rature can always be expressed on the absolute scale by 
adding 273 to the given temperature. 

2— Hence we have the general law that the volume of 
a gas varies with its absolute temperature. 

3— Alterations in volume can be calculated by the 
following propoition 

As 273 + given temperature : 273 + required tempe- 
rature : : given volume ; required volume. 

4 — The decimal fraction corresponding to is *00366, 
Thus, 1 vol. of gas at 0®C becomes 1 + *00306 x 1 at l^C. 

1 „ „ 1 -h *00366 X 2 at 2"C. 

1 „ „ 1 -P 00366 X n at nX. 

5— Hence if V® be any weight of gas at 0* and V‘' its 
volume at n®C. 

_ 273 1 

273 + n 

or V“ (1 + -00366 x n). 


1 -b *00366 X n 
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6 — A certain quantity of gas occupies 7 litres at 0°C. 

Find the ■volume occupied at lOO^^C. 

273 + 0 : 273 + 100 : : 7 : a: 0 50 litres ; or vol. at 
100®G = 7 (1 + *00356 x 100) = 9*56 litres. 

B.—Volume and Pressure. 

1 — The volurue of gas varies inversely with the pressure 
upon it. If the pressure on a gas becomes 2, 3, or 4 times 
the original amount, the volume becomes ^ J, or } of the 
original volume. 

If V = voL of a gas under a pressure P 
V' = „ another pressure P' 

Then V : V' : : P' : P. 

2 — If a certain weight of gas occupies 20 litres at a 
pressure of 730mm, what will occupy at 760mm. ? 

760 : 730 : : 20 : a = 19-21. 


C,— V olume with Temperature and 

Pressure. 


1— Since, when pressure is constant and temperature 
varies, 


V® __ 273 + 0 _ 1 

Vn 273 + n “ 1 + UOaGGn 
and when temperature is constant and pressure varies, 

Vn p' 


therefore, when both 

VO 

1 , . 

where n® is the new 


V' P 

temperature and pressure vary, 

_ 273 ^ P' 

273 + n P 

temperature at P', the new pressure. 
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2— If 12 litres of a gas are at a pressure of 7C5 mm., 
and a temperature of fiud tlie pressure of the same gas 
when occupying 18 litres at a temperature of 35^C. 

^ == 273_4^ ^ F; . _ 

18 273 +35 705* ~ 


III— To calculate the Percentage 
Composition of a Compound. 

1 — Suppose it is required to find the percentage com- 
position of Water, HgO. 

= 2 + 1 = 2 ) 

0 ' = 16 = 1C j = 

whence we see that IS of Water contains 2 of llydrof^en 
and 16 of Oxygen. Therefore to find the amount of each 

in 100 parts of Water, the following proportion is taken : 

HgO : Hg : : Water : Hydrogen 

18 : 2 : : 100 : 11*11 

HjO : O : : Water : Oxygen 

18 : 16 : : 100 : 88 9 


IV— To determine a Formula for a 
substance from its Percentage Com- 
position. 


stance .tfe'JSpK ® required to find a formula for a sub- 
tiQjj. y analysis to have the following composi- 


Carbon = 27*27 | 

™ T, , = 7273 J = ^0®- 

Carbon and of n “«fflber of 

step is to present. Therefore, the first 

t- “ ‘“''We the percentage quantity of each element by 




its Atomic weight. The next step is to reduce these results 
to simple ratios expressed b}' integers. 

Atoms of Carbon 27*27 12 = 2*2727 

Oxygen 7273 - IG = 4-5-154. 

and 


2*2727 - 2 2727 - 1 = Carbon 
4*5454 - 2*2727 = 2 = Oxygen 
The formula is therefore COj. 

3 — Find a formula for a substance which on analysis 
yielded the following results : — 

H = 2*04 ) 

O = 65*31 V = 100. 

S = 32*65 J 


Atoms of Hydrogen 2*04 1 = 2 04 

Oxygen 65*31 16 = 4*08 

„ Sulphur 32*G5 32 == 1*02 

Now 2*04 ^ 1*02 = 2 = Hydrogen 
4*08 102 = 4 = Oxygen 

1*02 1-02 = 1 = Sulpluu*. 

The formula is HgSO^. 


"V" — To calculate the Amount of a 
Compound that can be formed from 
a given weight of one of its 

Constituents. 


1 — Suppose it is required to know how much Water 
Hydro^eu^*^^^^^*^ by the combustion of 12 grammes of 

quantifying the formula for Water 

Thp Hydrogen will yield 18 parts of Water. 

The amount given by 12 can be ascertained by the foUowino- 
proportion*. — *' 

Ej : HgO ; : Hydrogen : AVater 

^ : 18 : : 12 : a; = 108. 
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VI— To calculate the Weight of any 
Eadicle that can be formed by the 


decomposition of a Compound. 

1 — How mucli Oxygen can be obtained from 50 
grammes of KCIO 3 Potassium Chlorate ? 

The molecular weight of KCIO 3 is 122*C, and this 
weight contains 48 parts of Oxygen. The amount that can 
be obtained from 50 grammes will be given the following 
proportion : — 

ICCIO3 : O3 : : Pot Chlorate ; Oxygen 
122-6 : 48 : : 50 : a- = 19-5 grammes. 

2 — This weight can, if required, be converted into 
volume. But it will be seen that the volume may be calcu- 
lated directly. 

Thus 122-6 grammes yield 3 x 11-2 litres 

1 gramme yields {3 x 11*2 122-G) litres 

and 50 grammes yield (3 x 11-2 122 G) x 50 litres. 


VII— To calculate the Weight or 
Volume of a substance produced in 


double decompositions. 

1 — Always write down the equation and quantify it 
for weight or for volume as the case may be. The ratios of 
the substances involved in this equation will afford 
material to form a proportion with the corresponding 
quantities in the question. 

2 — "What weight of Calcium Chloride can be prepared 
by the action of 20 grammes of Hydrochloric Acid on 
Chalk ? 

Formula CaCOj + 2HC1 ^ CaCl^ + HoO + COo. 

Quantified 100 + 73 = 111 + 18 + 44 . 
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Whence we see that 7:^ grammes of TICl yields 111 
grammes of Calcium Chloride. We have, therefore, tlie 
following proportion : — 

2HC1 : CaCl., ; : Hydrochloric Acid : Calcium Cliloride 
73 ; 111':: 20 : .r = 13.7 grins. 

3 — What volume of CO^ can bo obtained from one 
kilogramme of Chalk 

Formula CaCO., + 2HC1 = CaCl., + CO, 

Quantified 100 + 73 = 111 + 22*4 litres. 

Whence ^7e see that 100 grammes 3 delds 2'2’4 litres. 

We have, therefore, the following proportion : — 

CaCOa : CO, : : Chalk : Carbonic Acid 
100 : 22-4 : : 1000 : = 224 litres. 


VIII— Equations for Gaseous 

Reactions. 


1 — The combination and decomposition of gases by 
volume is capable of very simple treatment. According to 
Oay-Lussac’s Law, gases combine in volumes that have 
some very simple relation to each other. These simple 
relations can be deduced from the quantified equation for 
the reaction. 

2 — ^For example. Hydrogen and Chlorine yield Hydro- 
chloric Acid 


H., + Cl, = 2HC1. 

By weight 2 4 71 = 73 grammes 

By volume 22’4 + 22-4 = 44-S litres 
or in lowest terms and generally 1 vol. + 1 vol. = 2 vols. 

^ ^^Vhateve^ be the number of Atoms forming a com- 
pound gas, the molecular weight in grammes of that ‘^as 

^ litres under the normal conditions of O^C 
ana 760mm pressure. 


1 
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4— The following example will exemplify this 

of Oxygen are mixed with 500cc of Hydrogen, 
mat volume of steam at O^C and 7G0mm is produced? 
mich <Tas, and how much of it remains m excess ? 

2H2 + O2 = 2H2O. 

2 vols. + 1 vol. = 2 vols. 

500 + 250 = 500. 

Therefore 500cc ot steam is produced, ^and, as only 
250cc of Oxygen has been used, 300cc — 250cc - 50cc 
will remain in excess. 
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Classification of Elements. 

1 — The Elements have already heen classified accord- 
ing to Valency. They can also be classified for analytical 
purposes. Elements can bo arranged in groups having 
some common feature that will facilitate tlieir detection in 
unknown substances. For example, there is a group ot 
three (Ag, Hg, I’b), distinguished by insoluble Chlorides. 
There are groups characterised by insoluble Sulphides — 
by insoluble Carbonates — and, finally, by a marked absence 
of insoluble compoimd.s. Sucli a classification belongs to 
Analytical Chemistry. It is analogous to the Analytical 
Classifications in Botany. 

2 — We have already classified Elements according to 
Valency. Such a classification may be compared to the 
Linnean System in Botany. It is based on a consideration 
of one feature, viz., the number of Atoms of Hydrogen 
which the Element can combine with or displace. 

3 — For the purposes of investigation and exposition, it 
is best to classify tlic Elements according to the totality of 
their common features. This may be termed the Niitural 
Classification. Such a classification is not absolute. We 
cannot pass from group to group across a groat break. 
Naiura non agit per saHiim. Classes merge into each other 
so gradually that between the last Element of one class, 
and the first Element of the adjacent class, no border-line 
can be sharply drawn. Yet Classes which at either 
extreme merge into other Classes, maj', as a whole, possess 
well-marked common featuies, on account of which the 
Elements may be worthy of being grouped together. 

I — Metals. 

1 — Certain Elements comhine vHth Oxygen, hut exhibit 
lUile or no tendency to combine chemically with each other. 
These arc called Metals. Since their Oxygen compounds 

act as bases in the formation of the Salts, the}' are called 
Basigenic. 




75 


2— The most important Metals arc included in the 
following list:— Potassium, Sodium, Barium. Calcium, 
Strontium, Magnesium, Aluminium, Zinc, Cadmium, Iron, 
Cobalt, Nickel, Manganese, Cliromium, Tin, Ihsmuth, 
Copper, Lead, Mercury, Silver, Gold, Platinum. 

3~The Metals have likewise very marked phy.sical 

characteristics in common. 

(1) They are all solid except Mercury. 

(2) They are opaque and lustrous, with great reflective 

power. 

(3) As a class they are heavy ; yet the lightest solid 
know (Lithium) is a metal. 

(4) They are the best conductors of heat and of 
electricity. 

(5) They are generally malleable and ductile. 

4 — Mixtures of Metals are called Alloj's. A mixture 
of Mercury with any other metal is called an Amalgam. 

II— Metalloids. 

1 — Certain Elements have the* appearance of MetaU ; 
hut while they have Basic Oxides, they have also Oondes that 
are Anhydrides — fm'ming A cids. They arc partly Basiyenic, 
and partly Oxygenic or Acid producing. These arc called 
Metalloids. 

2 — The most important are the following: — Hydrogen, 
Arsenic, Antimony. Besides these, Chromium, Manganese, 
Tin, and Iron yield acid radicle.s, but their chemical and 
physical properties are generally more in accordance with 
the properties of the metals. 

3 — These Metalloids have also marked physical 
properties. 

(1) They have the opacity, weightiness, and lustre of 
the Metals. 

(2) They are comparatively poor conductors of heat 
and of electricity. 




(3) They are brittle. 

(4) Hydrogen is a gas. 

4 — The remarkable and distinctive peculiarities of 
Hydrogen will be explained when the Chemistry of that 
element comes up for discussion. Its position is ahno.st 
unique. 


Ill — Non-Metals. 


1 — Certain Elements, without metallic (qipcarancc, 
unite with Hydrogen, or one or mare of their Oxides unite 
with Water to form Acids. These, together nnth Oxygen arc 
the non-metals. Since their leading feature is tlie forma- 
tion of Acids, they may be termed Oxygenic. While the 
metals form Basic radicles, and are called Basigenic, these 
form Acid radicles, and are called Oxygenic. 

2 — The Elements that combine directly with Hydro- 
gen to form Acids are Chlorine, Bromine, Iodine, Eluorine, 
and Sulphur. 

3 — The Elements which do not form Acids without 
Oxygen are Nitrogen, Phosphorus, Boron, Silicon, Carbon. 

4: — The leading physical feature in this group is that 
its members are electro-negative to the members of the 
foregoing groups. 
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The Elements Grouped and 


Classified. 
Class I — Metals. 


(A) Metals that conibine directly vntli Oxygen, and 
whose Oxides cannot he reduced hy heat. 

Group I — T^'Ietals that decompose "Water at ordinary 
temperature. 


(a) Monads. 


1 Potassium 

2 Sodium 

3 Ammonium 

4 Barium 


(b) Dyads. -■ 5 Calcium 

I 6 Strontium 

Group II — Metals that decompose 
perature or in. the presence of Acids 
rature. 


T^Ietals of 
V the 
J Alkalis. 

) Metals of 

> the 

) Alkaline Earths. 
Water at high tem- 
at ordinary tempe- 


( 7 Magnesium 
Dyads. •< 8 Cadmium 

( 1) Zinc 
/ 10 l\Ianganese 

(a) Valency. ) 11 Iron 

(b) Variable. ) 12 Cobalt 

V 13 Nickel 
14 Chromium. 



I 

) 


Volatile 

in 

furnaces. 

Not volatile 
in 

furnaces. 


Group III — Metal that at red heat decomposes Water, 
but ■which cannot when cold decompose Water in the 
presence of an Acid. 

15 Tin. 

Group rV— Metals that decompose Water only when 
they are at white heat. 

16 Copper, 

17 Lead. 

18 Bismuth. 
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(B) — Metal that does not comhinc directly with Oxygen^ 
and U'hosc Oxide cannot he reduced hy heed. 

19 Aluminium. 

(C) — Metals vdiosc Oxides arc readily rcdv.ciblc. 

Group I — Metals that combine directly with Oxygen. 

20 ^lercury. 

21 Palladium. 

Group II — Metals that cannot combine with Oxygen 
directly. 

22 Silver. 

23 Gold. 

24 l^latinum. 

Class II — Metalloids. 

25 Hydrogen. 

20 Arsenic. 

27 Antimony. 

Class III — IT on-Metals. 

Group I — The Halogens. 

28 Chlorine. 

29 Bromine. 

30 Iodine. 

31 Fluorine. 

Group II — The Sulphur Gioup. 

32 Oxygen. 

33 Sulphur. 

Group in— The Nitrogen Group. 

34 Nitrogen. 

35 Phosphorus. 

Group IV— The Carbon Group. 

36 Boron. 

37 Carbon. 

38 Silicon. 

G 
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As the Atom of this Hydrogen is taken as the unit of 
Atomic weight, the unit of Equivalence, and tlie unit of 
Valency, an acquaintance witli Hydrogen is of primary 
importance. For the purposes of exposition Hydrogen will 
therefore come first. The non-metals will then be taken 
in the order of their classification. 

Hydrogen H = 1. 

1 — Source. 

Water. Acids. Hydrates. llydrides. 

H.O. H,SO,. kllO. NH,. 

2 — Preparation. (A). From "Water. 

fl) By electrolysing acidified Water, Hydrogen can 
he collected where the current leaves the Water. 

(2) By the action of Sodium on Water. 

Na. + 2 H 2 O = 2NaHO + H^. 

(3) By passing .steam over red hot iron filings. 

Fe, + + = FC 3 O, + 4 H 2 . 

(B.) From Acids. 

(1) By the action of Zinc, ^Magnesium, or Iron on 
dilute Sulphuric or Hydrochloric Acid. 

Zn + HgSO, = Zn SO, + H.^. 

Zu + 2HCI = Zn Cla + H 2 . 

(0.) From Hydrates. 

(1) By boiling Zinc or Aluminium in Potassic 
Hydrate. 

Zn + 2KHO = Zn O + K^O + 

(2) By heating Fotassic Oxalate with Bota^sic 
Hydrate. 

-h 2KHO + 2K,C03 + H,. 

(D.) From Hydrides. 

(1) gently heating Potassium in Ammonia '^as 
2NH3 + K, = = + H,. 

Ammonia and I’otassium give Potassamide and 
Hydrogen, 
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Z— Purification— V,y passing the gas through a series 
of tJ tubes containing (1) Nitrate of Lead, which absorbs 
Sulphuretted Hydrogen, (2) Silver Sulphate which absorbs 
the Hydrides of Arsenic aiid Phosphorus, (3) Potassic 
Hydrate which absorbs Carbonic Acid Gas, (4) Pumice 
moistened with Sulphuric Acid. This last tube dries 
the gas. 

4 —Physical Properties — A colourless, tasteless, odour- 
less gas. Density compared with air, ’0693. Weight of 
one litre is ’0896 gramme. It is the lightest body known. 
It is a good conductor of heat and of electricity — the 
conductivity increasing as the density is caused to in- 
crease. 

Hydrogen readily permeates through porous mem- 
branes. Gases diffuse through porous membranes at rates 
which are inversely proportional to the square roots of 
their densities. Hydrogen being the lightest body known 
diffuses most rapidly. 

5 — Reactions. 

(1) Burns in O.xygen forming Water. Flame — blue, 

and non-luminous at ordinaiy pressure. 

2H2 + 0 ., - 2H2O. 

(2'i Combines directly with Chlorine. 

2H, 4- Cl., = 2HC1. 

(3) Combines with Nitrogen when both are in the 
nascent state. 

N, + 3H., = 2 NH 3 . 

(4) Reduces Oxides and Chlorides. 

(1) CuO + H, = H,0 + Cu. 

(2) NiClo + H; = Ni +2HC1. 

Q— Tests. 

( 1 ) Lightness — the gas can he decanted upwards, 

(2) Burns, hut does not support combustion. 

(o) Colour of flame — blue. 

(4) Product of combustion — water. 

*2 ^Combustion. 
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(1) ^Ve have seen (page 5) that a tliermal 
chain^e, elefinite in amount, accompanies every chemical 
action. When heat is absorbed, tlie action is said to be 
auJoiha-mic. When hear is evolved the reaction is said to 
be cxothcv^nic. lleactions are endothermic when the pro- 
ducts are less .stable than their constituents, and exotlier- 
mic vhen the products are more stable. 

(2) AVhen exothermic reactions manifest much heat 
and light, one body appearing to burn away in the 
presence of the other, we liave what is called coiuhimtio'n. 
The burning body is said to be ’* combustible.” The body 
in which it is burning — that is to say, witli which it is 
entering into chemical combustion — is said to be a '* sup- 
porter of combustion.” 

(3) Bodies cannot be divided into “ combustibles ” 
and “ supporters of combustion,” for these terms express 
no absolute difference of function. Combustion is the 
phenomena of heat and light that accompany the union 
of the two bodies, irrespective of which body is the “ com- 
bustible ” and which is the " supporter of combustion.” 
Oxygen will burn in Hydrogen just as Hydrogen will 
burn in Oxygen. The thermal phenoncma arc identical in 
both cases. 

(3) The e.xamples of combustion that are most 
familiar consist of bodies combining with Oxygen in Air. 
But the term “ combustion ” must no longer be confined to 
this class of combinations, which were the first to suggest 
the term. Other bodies will exhibit similar thermal 
phenomena. The term “ combustion ” is applicable to any 
reaction where such phenomena are present. 

(4; The quantity of heat evolved is always the same 
whether the combustion takes place slowly or quickly. 

(5) The amount of heat evolved is measured by the 
number of parts by weight of Water that would be raised 
from O^C to 1®C by the union of the formula weights of 
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the reacting bodies. "When two parts by weight of 
Hydrogen unite with IG parts by weight of O.xygen to 
form 18 parts by v/eight of Water, the amount of heat 
evolved is sufficient to raise G8'924 parts by weight of 
Water from 0°C to l‘"C. 


Hy dr ogenium . 

1 — Allotropism. Elements may change their physical 
properties and their chemical activity, and still remain the 
same Elements. Carbon exists as charcoal, graphite, and 
diamond. These three differ in physical properties and in 
chemical activity, but they agree in being the same stidf — 
Carbon. Por when the same equal weights of eacli variety 
is burnt in Oxygen gas, the product of combustion and 
the weight of it are the .same in each case. This change 
is called allotropism. The new varieties ])roduced by tlie 
change are culled allotropcs, or allotropic modifications. 

2 — Allotropism is due to a rearrangement of the 
atoms of the mass. 

3 — Isomonsm. The analogous change in compounds is 
called isomerism. Compounds that consist of the same 
atoms united in the same proportion ma}" have chemical 
and physical properties widely different. 8ueli com- 
pounds are said to be isomcHc. Chalk is isomeric with 
Iceland Spar. 

4 — Hydrogen has long been regarded and treated as a 
Non-metal. In our classification it is placed in tlie middle 
class, the Metalloids, because it has certain well-marked 
resemblances to both classes. 

5^ — It agrees with metals in the following points : — 

(IJ It manifests little or no tendency to combine with 
metals. Very few Hydrides are known. 

(2) Its Oxides are Basic. Water forms Acids by 
union with Anhydrides 
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(3) Acids may 1 >g regarded as salts ^\’hosc base is- 
Hydrogen. 

Compare HoSO^ with IvjSOj. 

(4:) Acids Irequently crystallize, taldug up water of 
crystallization, and .then present all the appearance of 
ordinary salts. 

(5) Palladium occludes vast quantities of Hydrogen, 
yielding a body that has the appearance of an alloy. 

f6) It is a conductor of heat and of electricity. 

(7) Hydrogen has been solidified. In the solid state 
it has a metallic lustre, a steel-blue colour, and a sono- 
rous, metallic ring, 

6 — It differs from the metals in these points: — 

(1) Its compounds with the Non-metals are partly 
’acid and partly basic. 

Compare HCl with NH 3 . 

(2) Its normal physical condition is gaseous. 

7 — The points of agreement far out-weigh the points 
of difference. For many metals form compounds with the 
non-metal Oxygen, some of winch are Acfrf. And, 
finally, though metals, as a class, are heavy solids, yet 
Mercury is liquid. ^lay not Hydrogen, then, be the 
gaseous form of a metal Hydrogemum ? 


The Halogens. 

Chlorine = £5.5 

Bromine = 80 

Iodine = 127 

Fluorine = 19 

1 — These Elements are classed together because they 
agree in the following points : — 

(1) They are monads. 

(2) Their Hydrogen compounds are powerful acids. 
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Their binary Hydrogen compounds contain e(|ual 
volumes of the constituent gases united without conden- 
sation. ^ 

2 The group'lis called the Halogen group, because 
the first three members arc of marine origin. 

Chlorine, Cr = 35’5. 

1 — Source. Sodic Chlorid*^. NaCl. 

2— Preparation. (1) V>y heating Sodic Chloride with 

Sulphuric Acid and the black Oxide of 

ilanganese. 

The reaction takes place in two stapes. 

I. 2NaCl + H 2 SO, = Na^SO, -|- 2HCh 

II. SHCl-hMiiOj+HjSp,^ MnS0^+2H20 -h CI 2 . 
or, combining these two equations, 

2 NaCH- 2 H 2 S 04 + Mn02 = Na.,S0, + MnS0,+2H20+Cl2 
(2) From Hydrochloric Acid l)y the action of black 
Oxide of Manganese. 

4HC1 -h MnOa = MnCl^ + 2 H 2 O + Cl^. 

3 — Physical Properties. 

Yellow Gas. Cliaracteristic odour. It is 2'5 times as 
heavy as air. Collected by downward displacement. 
Water dissolves upwards of twice its own volume of 
Chlorine at Ifi^C forming Chlorine Water. At 0*^0 crystals 
having the composition Clg, lOHjO form. 

(1) Combines directly with all Elements except 
Fluorine, Oxygen, Kitvogen, and Carbon, with some of 
which, however, it combines indirectly. 

(2) A mixture of equal volumes of Hydrogen and 
Chlorine explodes under the action of light. 

Ha + Cla = 2HCL 

(3; When Chlorine Water is exposed to light, the 
Chlorine, by its great affinity for Hydrogen, displaces the 
Oxygen of the Water. 

2HjO -h 2 CI 2 = 4HC1 -h O 2 . 
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Hence Chlorine is a powerful indirect oxidiscr. 

(4) Owing to its indirect oxidising power it bleaches 
moist vegetable colours. It bleaches bccau.se it liberates 
Oxygen from the moisture and the nascent Oxygen acts on 
the colouring matter. 

(5) Hydrocarbons burn in Chlorine, some, such as 
Turpentine, igniting spontaneously. The products of com- 
bustion are Carbon and Hydrochloric Acid. 

( 6 ) Powdered Antimony and Hutch Metal ignite 
spontaneously in Chlorine, forming Metallic Cliloridcs. 

(7) Pho.sphoriis burns in Chlorine, forming PCl^, and 
in Chlorine if excess be in contact with VC\^, then I’Clr, 
is formed. 

5 — Tests. 

(!) Cdour. 

(2) Colour — greenish yellow. 

(3) Bleaching power. 

(4) Liberates Iodine from Potassic Iodide. 

Hydrochloric Acid, HCl. 

1 — Source, Sodic Chloride, HaCl. 

2 — Freparaiion. (1) By distilling Sodic Chloride 
with Sulphuric Acid. 

2NaCl + H 3 SO, = HaaSO, + 2HC1. 

The reaction takes place in two stages. 

A. At a low temperature. 

HaCl -H H^SO, = NaSO, + 2HC1. 

This is the reaction that takes place in the laboiatory. 

B. NaHSO, + HaCl = NagSC, + HCl. 

This is the further reaction that takes place at a high 
temperature in the manufacture of Hydrochloric Acid ou 
the large scale. 

The above is the usual method for preparing Hydro- 
chloric Acid. 

The following methods have a theoretical import- 
ance 
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r2) H2 + Cl., = 2HCI. 

AVheii Water is added to I’hosplioius Chloride, Thos- 
phorus Acid is produced to^a^ther with Hydrochloric Acid. 

(3) PCI., + 3H,0 = H.tPO^ + 3HC1. 

Cldorine uniteswith the llydrogcii of Hydric Sulphide, 
producing Hydrochloric Acid and precipitating the Sulphur. 

(4) PCI., + 4H20 = H3P0., + 5HC1. 

AVheii Water is added to Phosphoric Chloride, Phos- 
phoric Acid is produced together with Hydrochloric Acid. 

(5) 2H.,S + 2CI2 = 4HC1 + S,. 

The no.Kious effect of either ga.s may thus be counter- 
acted by the other. 

0. Ily passing Steam and Chlorine through a red 
hot porcelain tube. 

2H2O + 2CU = 4HC1 4- 0.,. 

S — Physical Properties. 

Colourless gas, fuming in moist air. One volume of 
AVater at 0*^0 dissolves oOO volumes of Hydrochloric Acid 
Gas. Hence the gas is collected in water. The Hydro- 
chloric Acid of Commerce is a solution of gas in water. 

4 — Chemical Properties. 

(I) Bino-vides liberate Chlorine from Hydrochloric Acid. 
MnO., 4- 4HC1 4- = MnCl, 4- 2H2O 4- Cl.,. 

PbO^ 4. 4HC1 = PbCl, 4- 2M.,0 4- Cl,. 

(2) White precipitate of Silver Chloride with 
Argentic Nitrate. 

HCl + AgNO, = HNO. 4- AgCl. 

Tests. 3 -r o 

(1) ^yhite precipitate with Silver Nitrate, insoluble in 

Nitric Acid, but soluble in Ammonia. 

-ni Disengagement of Ciilorine gas by the action of 
Black O.xide of Manganese and Sulphuric Acid. 

(3) If a Chloride be boiled with Potassium Hichromate 
and Sulphuric Acid, a deep brownish red gas (CrO,Cl.,) 
comes oft: The gas will cause a yellow precipitate of 
ilumbic Iodide on a rod moistened with Plumbic Acetate. 

H 
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^ — Proof of Corn-position. 

We have now to prove that HCl is the correct formula 
for Hydrochloric Acid. 

1. — Synthetically. 

(i) Equal volumes of Hydrogen and Chlorine 
exploded in a Eudiometer produce a volume of Hydro- 
chloric Acid equal to the sum of the equal volumes 
exploded. 

II. Analytically. 

(1) By electrolysis — using a Carbon electrode where 
the current enters. 

2. By decomposing the gas by a pellet of Sodium. 

Sodium combines with the Chlorine. Tlie Hydrogen 

left occupies just half the original volume taken. 

How we know from the density of the gas that 22’4 
litres of it weigh 30 5 grammes. Subtract the weight of 
the half-vol. of Hydrogen (11.2 litres) that it contains. 
Then we have 3G'5-1 = grammes. 

This is the weigh of 1T2 litres of Chlorine. 

Therefore 22 4 litres of H 3 ^drochloric Acid gas are 
made up of 11‘2 litres of Hydrogen, and 11*2 litres of 
•Chlorine. 

3 — ^\Ve may proceed directly from the density* com- 
pared with air, thus : — 

Density of HCl = 1'25 

Subtract h density of H = *035 

The remainder 1-215 is half the 
density of Chlorine. Tlierefore, half-a-volume of Hydrogen, 
together with half-a-volume of Chlorine, yield 1 voL of 
Hydrochloric Acid. Two volumes of Hydrochloric Acid 
contain 1 volume of Hydrogen and 1 volume of Chlorine. 

4 — To find percentage composition. 

Density of Hydro- , ^ density of 

chloric Acid ‘ Chlorine 

1*25 ; 1-215 


HCl : : Cl 
100 2 - 
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Density of Hydro- 
chloric Acid 
1-25 


^ density of 
Hydrogen 
: 025 


HCl : : H 
100 2‘8 


c — To find the correct formula — 

Percentage of H = 2’8 now 2*8 ^ 1 = 2’8. 

„ Cl = 97*2 now 97*2 ^ 35-5 = 2-8. 

H : Cl : : 2 8 : 2 8 . 

: : 1 : 1 . 


The formula is HCl. 


Bromine, Br' = 80. 


1 — Soiirccs. 

Sea Water, ^Marine Plants, and Saline Springs. 

2 — Prepa^'a (ion. 

(A) From Bromides by the method for preparing 
Chlorine from Chlorides. 

Mg'^Br2+Mn02+2H.S0,=MgS0,+MnS0,+2H20+Br^ 
(Bj From concentrated sea-water by Balard’s process. 

(1) Pass Chlorine through the solution to liberate the 
Bromine. 

JlgBr^ -h CI2 = MgCla + Brj. 

(2) Agitate the solution with Ether. On settling, 
there will be a supernatant red-coloured solution of Bro- 
mine in Ether. 

(3) Siphon the solution off into a solution of Potas- 
sium Hydrate. 

(1) Then SBr. + 61010 = eXBr -f KBrO,^ -h SH^O. 

Bromide. Bromate. 

(5) Tlie Bromide and Bromate crystallize out. On 
lieating, the Bromate loses its Oxygen, and is reduced to 
Bromide. 

2KBrO = 2 KBr 03 + 292 . 

(C) From Potassic Bromide, Bromine is prepared by 
the process (A) described above. 
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3 — physical Properties. 

A very volatile red lic^uid, with characteristic odour. 
Boils at G3‘=*C. Very slightly soluble in Water. Very 
soluble iu Ether, ClUoroforin, and Carbon Disulphide. 

•1 — Chemical Properties. 

Analogous to the properties of Chlorine. It bleaches 
— liberates Oxygen from Water. Forms the ciystalline 
compound Bvj lOHjO analogous to CIg lOHjO. Anti- 
mony and Arsenic burn in Bromine vapour, forming 
Bromides of Antimony and of Arsenic. Chlorine acts on 
Bromine Water forming Hydrogen Broniate and Hydro- 
chloric Acid. 

Br -f 3H2O 4- 5C1 = 5HC1 + HBvO., 

5 — Tests for Bromine. 

(1) Its colour. 

(2) Its odour. 

(3) Its bleaching power. 

(4) Products of Hydrobromic Acid by Hydric Sul- 
phide. Br 4- =2 HBr 4- S. _ 

(5) Gives a yellowish white i>rccipitatc with Nitrate 
of Silver. 


Hydrobromic Acid, HBr, 

1 — Preparation. 

It is to be carefully noted that Hydrobromic Acid 
cannot he prepared by the method usually adopted for the 
preparation of Hydrochloric Acid. When ChloHdes are 
heated with Sulphuric Acid, Hydrochloric Acid distils 
over. But when Bromides are heated with Sulphuric Acid, 
the first portion of Hydrobromic Acid produced decom- 
poses the Sulphuric Acid. 

2HBr 4- H.SO, = 2n^O 4- SO. 4- Br^. 

Nevertheless, the Bromides of Calcium and of Barium 
if treated with very dilute Sulphuric wdll yield a solution 
of Hydrobromic Acid. 
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2 — The following are the methods usually adopted : — 

(1) By distilling a mixture of I’hosphoric Acid witli 
Potassic Bromide. 

3KBr + H 3 PO, = 3HBr + K^VO,. 

(2) By passing H^’diic Sulphide through Bromine 

HgS + Br^ 2HBr + S. 

(3) By beating Phosphorous Bromide with Water. 

PBr 3 -f SH^O - H 3 PO 3 + 3HBr. 

2 — Physical Prc^erties. 

A colourless gas, very soluble in Water. 

3 — Chemical Properties. 

(1) The Bromine of Bromides is readily displaced by 
Chlorine. 

^TgBrj + Clj = MgClg + Big. 

(2) The Bromides of Silver, ^lercury, and Lead are 
insoluble. 

^3) Hydrobromic Acid is decomposed by exposure to 
the atmosphere. 

4HBr + O.^ == 2 H 2 O + 2Br2. 

4 — Tests for Bromides. 

(1) Characteristic vapours with H^SO., and ^FnOo. 

(2) On treating Bromides with Chlorine Water fol- 
lowed by Ether, a red solution appears at the top. 

(3) Argentic J^itrate gives a yellowish white precipi- 
tate of AgBr, insoluble iu Nitric Acid, but rather soluble 
in Ammonia. 

5— Proo/ of composition. 

By heating a pellet of Potassium in a bent tube filled 
with Hydrobromic Acid vapour, it is found tliat after the 
reaction half the volume of gas remains, and this half- 
volume is Hydrogen. From this experiment the compo- 
sition is deduced hy the method for Chlorine already set 
forth. 
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Iodine I = 127. 


1 — Source. 

Sea Water, Saline Springs, and especially Sea Weeds. 
^^Preparation. 

(1) The ash of Sea Weeds is lixiviated. Carbonates 
and Chlorides crystallize out. The mother liquid, contain- 
ing Sodic Iodide, is treated ^vith lilack Oxide of IManga- 
nese and Sulphuric Acid. 

2 NaH-Mn 02 -l- 2 H 2 S 0 ,=Ka,S 0 ,-l-]\InS 0 ,+ 2 H. 0 -|-l 2 . 

(2) Iodine is liberated from Iodides by both Chlorine 
and Bromine. 

2KI -b C1.2 - 2KC1 -h 1.2 
2KI -b Br .2 = 2KBr + 

3 — Physical Properties. 

A steel blue volatile solid with metallic lustre. It 
has a characteristic odour, and stains the skin yellow. It 
fuses at 107^C, and boils about 200^C, yielding character- 
istic violet vapour. Scarcely soluble in Water, forms no- 
crystalline Hydrates analogous to CU ICHgO and 
BrglOHaO. Very soluble in Potassic Iodide, Chloroform 
and Alcohol. 

4 — Chemical Properties. 

These are analogous to the properties of Chlorine and 
Bromine, but are feebler. 

(1) Chlorine will cause Iodine suspended in Water to 
be oxidised — Hydrogen lodate and Hydrochloric Acid 
being formed. 

I + SHjO -b 5C1 - 5HC1 -b HIO 3 . 

(2) Iodine expels Chlorine from Chlorates. 

2 KCIO 3 + I. = 2 KIO 3 -b CI 2 . 

(3) Chlorine expels Iodine from Iodides, 

2KI -b CI 2 = 2KC1 -bla- 
0 — 'Tests for Iodine. 

(1) Its violet vapour, 

(2) Steel blue scales condensed from the vapoui’. 
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(3) Its solution colours a solution of starcli blue. 

The colour disappears on beating. 

(4) Gives a yellowish precipitate with Xitrate of 

Silver. 

Hydriodic Acid, HI. 

1 — Preparation 

(1) As Hydrobromic Acid cannot be prepared by dis- 
tilling Sulphuric Acid with Bromides, neit ler can Hydri- 
odic Acid be prepared by distilling Sulphuric Acid with 
Iodides. 

(2) The methods for preparing Hydriodic Acid are 
precisely analogous to the methods for preparing Hydro- 
bromic Acid. 

.SKI 4 - H 3 PO, = K:,VO, + 3HI 
2 H 2 S -f 2 I 2 = 4HI -I- S 2 

PI 3 + SHjO = H 3 PO 3 +3HI 

2 — Physical Properties. 

A heavy, colourless gas, very soluble in water. Dis- 
sociated by heat or by spongy Platinum. 

3 — Chemiced Properties. 

(1) It is rapidly decomposed by IMercury. 

2HI 4- 2Hg = Hg 2 l 2 + 

(2) Decomposed by Air. 

4HI 4- O 2 = 2 H 2 O 4- I 2 . 

3 — Tests for Iodides. 

(1) The Iodides of Silver and Lead, as also Mercu- 
rous and Cuprous Iodides, are insoluble. 

(2) Acids cause an evolution of violet or purple 
vapour. 

(3) Iodides, when treated with Chlorine Water fol- 
lowed by Chloroform, yield a purple solution. 

(4) Iodides, when treated with Chlorine Water, fol- 
lowed by Starch solution, yield an intensely blue colora- 
tion. 
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(5) Silver l^itrate gives a yellow precipitate of 
Silver Iodide, insoluble both in Ammonia aiid Nitric 
Acid. 

(6) Mercuric Chloride gives a precipitate of i^Icrcunc 
Iodide, rapidly changing from light yellow to deep scarlet. 
The precipitate is soluble in excess of either re-agent. 
This last test distinguishes Iodides from Chlorides and 
Bromides. 


Fluorine F, = 19. 

1 — This element has not been isolated. Its 
existence is inferred from the analog)' of the existing Acid 
— Hydrolluoric Acid — to Hydrochloric and to Hydrobromic 
Acid. The Fluorides are isomorphous with the Chlorides, 
Bromides, and Iodides. 

2 — From the percentage composition of tlie com- 
pounds we can deduce the Atomic weight of the element. 

One hundred grammes of Calcic Fluoride gave, when 
heated, 174-5 grammes of Calcic Sulphate, CaSO^. 

The molecular weight of CaS 04 is 135, and this 
-weight contains 40 of Calcium. 

Now, the Calcium contained in 174-5 grammes of 
CaSO^ is the amount of Calcium contained in 100 
grammmes of Calcic Fluoride. This amount can be cal- 
culated by the following proportion : — 

136 : 40 : : 174-5 : .r = 51'27. 

Therefore, the quantity of Fluorine in 100 grariimcs 
must be 

100 - 51-27 = 48-73. 

From the per centage composition we can calculate 
the amount of Fluorine combined with 40 of Calcium. 

51*27 : 40 ; ; 48*73 : x — 38 01, or 38 nearly. 

But 40 of Calcium is the equivalent of 2 of Hydrogen, 
2 of Chlorine, or 2 of Bromine, and, therefore, of 2 of 
Fluorine. Therefore, the Atomic weight of Fluorine is 19. 
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3 — The Atomic weight may also be deduced from the 
specitic gravity compared with Hydrogen which is 10. There- 
fore the molecular M'eight is 20. Now, if Hydrofluoric Acid is 
analogous to Hydrochloric Acid, and Hydriodic Acid, this 
molecular weight contains an atom of Hydrogen. There- 
fore the Atomic weight of Fluorine must be 20 - 1 = 19. 

Hydrofluoric Acid. 

1 — Source. 

Fluor Spar, which is Calcic Fluoride, CaFa, and 
Cryolite, which is Sodic Aluminic Fluoride. ChTaF, Al^F^;. 

2 — Prepara Hon . 

CaFa + HjSO, = 2HF + CaSO,. 

3 — Physical Properties. 

A colourless fuming gas having caustic action on the 

skin. 

4 — Chemical Properties. 

(1) Combines with Water in definite proportions with 
great evolution of heat. 

(2) Attacks all metals except Gold, Silvei*, and Plati- 
num, and acts but very slightly on Lead. 

(3) It attacks Silica, the principal constituent cf glass, 

SiOa + 4HF= 2 H 2 O + SiF,. 

(4) Chlorine does not liberate Fluorine from solutions 
of its compounds. 

5 — Tests for Fluorides. 

(1) When treated with Sulphuric Acid they ^deld a 
gas which etches glass. 

y differ from the Chlorides, Bromides and 

locuaes in giving no precipitate with Argentic Nitrate, 
^gentle Fluoride is soluble. 

4— Proo/ of Composition. 

By measuring the volume of Hydrogen needed to 
Fluorine in a given weight of Argentic 

I 
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(2) The density of gaseous Anhydrous Hydrofluoric 
Acid is ten. times the density of Hydrogen. 

(3) The Fluorides arc isomor[ihous with the Halogen 
Salts. 

Dyads. 

Oxygen O'' 1^- 

Sulpliur S" 32. 

1 — These elements are classed together on account of 
their dyad valency, and the general analogy of their com- 
pounds. This analogy is shown in the following table : — 
Oxygen. Sulphur. 

H2O Hydric Sulphide HgS Hydric Sulphide 

KHO Pot. Hydrate KHS Pot. Sulphydrate 

KgO Pot. Oxide KjS l^ot. Sulphide 

X2CO3 Pot. Carbonate K^OSj Pot. Sulpliocarbonatc 

CO2 Carbonic Dioxide CSj Carbonic Disulphide 


Oxygen O' 16. 

Air, ^yate^, Oxides, Chlorates, and Nitrates. One 
fifth of the atmosphere by volume, and eight ninths of the 
weight of Water is Oxj'gen. 

2 — Prcimration. 

I. From Air. 

(1) Lavoisier’s "Method. 

A. 2Hg -p O2 = 2HgO 
K 2Hg0 = 2Hg + 02. 

(2) Boussingault’s Method. 

A. 2BaO + 02 = 2Ba02 

B. 2Ba02 = 2BaO + O2. 

II. From Water. 

(1) By electrolysing. 

(2) By passing steam and Chlorine through a red hot 
porcelain tube. 

2H2O + 2CI2 = 4HC1 + O3. 



117 


III. From Oxides. 

(1) SMnOs =>1030, + Oj. 

(2) From Carbonic Acid in Air, or, for experimental 
purposes, better in Water, by the green leaves of plants 
under the influence of sunlight. 

C 02 = C + 02 . 

The Carbon is fixed by the plant for its nutrition. 

(3) Passing Chlorine over Calcic Oxide in a hot tube. 

2CaO + 201. = 2Ca Cl, + 0,. 

(4) By treating Black Oxide of Manganese with Sul- 
phuric Acid. 

2 Mn 02 + 2H,S0^ = 2MnS0, -f 2 H 2 O -k 0,. 

IV. From Chlorates. 

(1) By heating Potassium Chlorate. 

A. 2 KCIO 3 = KCIO, -f KCIO,. 

Potassium Chlorate. 

B. KCIO, + KCIO, =2KCl+0,. 

Pot Perchlorate. Pot. Chlorite. Pot. Chloride. 

The .second reaction lakes ])lace at a higher tempera- 
ture than the first. Potassium Chlorate will yield all its 
Oxygen at once, being reduced to KCl, without the form- 
ation of immediate compounds by the addition of its own 
weight of Black Oxide of Manganese, or of Ferric Oxide, 
or about the sixth of its weight of Cupric Oxide. These 
bodies undergo no change. They promote the decompo- 
sition of the Potassic Chlorate. This action is called 
Catalysis. 

3 — Physical Projyerties. 

Colourless, odourless, tasteless gas, of the lowest 
refractive power. Under normal (ionditions Water dis- 
^Ives from three to four per cent, of its own volume of 
Oxygen. Liquified at — 140°C, under a pressure of 320 
atmospheres. It is magnetic and electro-negative. 

4 — Chemical Properties. 

.p. T)oes not combine directly with any of the 
Halogens, while with Fluorine it does not combine at all. 
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(2) A mixture of 2 vols. of Hydrogen and one of 
Oxygen explodes when lighted, ibrining steam. 

2H. + 02 = 2H,0. 

(3) Fea + 202 =re 304 = Magnetic Oxide of Iron. 

(4) 2Zu +02 = 2ZnO = Zinc Oxide. 

(5) S +02 = SO., = Sulphurous Anhydride. 

(6) 0 + O 2 = CO]^ = Carbonic Anhydride. 

(7) +602 = 2 r 203 = Phosphoric Anhydride. 

5 — Tests for Oxygen. 

(1) A glowing splinter kindles up brilliantly in 
Oxygen gas. 

(*2) Turns Pyrogallate of Potash brown. 

(3) Gives red fumes wdth Nitric Oxide. 


Ozone = O 3 48. 

1 — Ozone is allotropic Oxygen, 

2 — Preparation. 

(1) By electrical discharges in Oxygen. 

(2) By the slow oxidation of PJiospliorus in moist air. 

(3) By oxidising Ether vapour with a hot glass rod. 

(4) When Hydrogen hums in air Ozone is found in 
the neighbourhood of the llame. 

Wlieii Hydrogen burns it breaks up the molecule of 
Oxygen, thus: — 

H2 + O2 = HgO + 0 . 

This simple atom of O thus liberated, at once com- 
bines with the molecule O 2 , which is Ozone. 

When a body such as Carbon, which takes a com- 
plete molecule of Oxygen for its complete combustion, is 
burning, no Ozone is found near the flame. 

C + O 2 =C O 2 . 

No single atom is left unpaired in the reaction, and, 
therefore, there is no Ozone. 
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3 — Physical Properties. 

A colourless gas, with characteristic smell and taste. 
At a temperature of upwards of lOO^C, it dissociates, form- 
ing ordinary Oxygen. 

Oxone is readily absorbed by essential oils, such as 
Turpentine. 

4 — Chemical Properties, 

(1) Most prominent are its oxidising and bleaching 
powers. 

(2) The Halogens, which do not unite directly with 
Oxygen, unite with Ozone. 

(3) Liberates Iodine from Potassic Iodide. 

O3 H- 2 KI + HjO = O^ 4- I -b 2 KHO. 

(4) Oxidises PbS to PbSO.,. 

(5) Converts Ferrous Salts into Ferric Salts. 

(6) It deoxidises peroxides. 

BaOj -i- O3 =BaO + 20^. 

(7) It is de-oxidised by finely divided Cliarcoal or 
Silver. 

O3 + Ag = AggO + O2. 

5 — Tests for Ozone. 

(1) Odour. 

_ (2) Turns Starch paper, moistened with Potassic 
Iodide, blue, owing to the liberation of Iodine. 

6 — Proof of Composition. 

(1) The density of Ozone compared with Hydrogen 
has been deduced from observations on its rate of diffusion. 
The density thus observed is nearly 24. The molecular 
weight would therefore be 48, and the molecule of Ozone 
would contain three atoms of Oxygen, cacli weighing 16. 

.(“) ^^^hen Mercury is agitated in Ozone, the Mercury 
is oxidised, and a volume of Oxygen is produced equal to 
the volume of the Ozone acted upon. This is explicable if 
^ve assume that Ozone = O3. 

Hg + O3 = 

2 vols. 


HgO + Oo 
2 vols. 
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This result is confirmed by the fact tliat, when Ozone 
is expelled from solution and heated to 300®, is then found 
to be ordinary Oxygen, and the volume of it is half as 
great again as tlie volume of Ozone originally dissolved. 

Compounds of Hydrogen with 

Oxygen. 

HgO H3dric Oxide, Water. 

HgOg Hydric Teroxide. 

Water H,0 18. 

I^Prejparation, 

(1) By direct union of its elements. 

2 H 2 + O 2 =2H20. 

When 2 parts by weight of Hydrogen unite with 16 
parts by weight of Ox3'gen, tlie quantity of heat evolved is 
sufficient to heat 68,921 parts by weight of Water from 
0® to 1®, no matter at wliat rate the combustion takes 
place. 

(2) In the pre])aration of Salts from Hydrates, i^c. 
CaCO.^ + 2H2SO, = CaSO, + CO^ + H^O. 

2 '—Chemical Projpcrtics. 

(1) Yields Oxiftjcn when acted on by Chlorine. 

2H2O + 2C4 = 4HC1 + 0^. 

(2) Yields Bydrotjen when passed over red-hot coke. 

2H2O +0 = 002-1- 2H2. 

(3) Forms Acids with Anhydrides. 

SO3 + H2O =H2S0,, 

^ + 3H,0 = 2HP0,. 

(4; Forms Hydrates with Oxides. 

CaO + H2O = Ca(H0)2. 

Water thus contained in Acids and Hydrates is called 
Water of Constitution. 

4 
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(5) Many bodies when they crystallize take up "Water 
in the formation of the Crystals. cfj., Cl„ 10H..O, 
Na 2 C 03 lOHgO, CuSO^ 5H..() 

ZnSO^ THjO, CaSO, 2 H 2 O 

(G) Certain bodies readily absorb moisture, and arc 
used in the Laboratory as dcssicators or dryers, c.y.. 
Sulphuric Acid Pry Potash or Soda 
Calcium Chloride Calcium Oxide 

3 — Funficatim of Water. 

Ordinary Water is charged with the gases of the 
atmosphere. It carries in suspension and in solution 
many earthy impurities. Gases can be removed by 
boiling. Solids in suspension can be removed by filtration. 
Solids in solution must be precipitated by suitable chemi- 
cal reagents, Water can be tboroughly purified by dis- 
tillation. Distilled Water should leave no residue or 
evaporation. The principal soluble impurities in ordinary 
Water are : — Carbonic Acid, Carbonates, Sulphates, and 
Chlorides of Calcium. Lead and Copper may be present 
from contact with pipes and vessels of these metals. 

Table for the detection of Common Impurities : — 



BeagcDts 

CaCHOls 

Ammoniam Oxalate 

BaCl 2 + HCl 

AgN03 + HN03 

Potasaimn Fermanganato 
(Condy’a Flaid) 


• Precipitates or other 
llesults 

White ppt 
White ppt 
White ppt 
■NVhite ppt 

Decolourised 


Indicate the Prcsenco 
of 

Carbonic Acid 
Lime CaO 
Sulphates 
Chlorides 

Organic hlattcr 






4 — So/ienivf/ of ’Water. 

(1) Water containing Caibonatos or Sul])l)atcs is 
calletl hard. Hardness due to Cnrhonatcs is called 
temi)or(irii, because it is removed by boiling. Hardness 
due to Suipbates is called permanent, because it can be 
removed only by Chemical reagents. 

(2) Temporary hardness. 

(a) Calcic Carbonate is insoluble in pure water. It is 
soluble in water containing Carbonic Acid. Carbonic 
Acid is a gas. If the Wjiter is boiled the gas goes off. and 
the Calcic Carbonate, no longer in solution, settles down 
from suspeusion, causing a “ fur ” on the boiler. 

Its normal Salt. CaCO^, is insoluble. It is the Acid 
Salt, Callj (CO^).^, that is soluble. Hut tins Acitl i^alt is 
decomposed on ijeating the solution, the normal insoluble 
Salt being formed. 

(b) Clark’s Method. 

The free Carbonic Acid is removed by causing it to 
combine with Lime CaO. 

CaC 03 + H^O + CO 2 + CaO = 2 CaC 03 + H.O. 

3 — Permanent Hardness. 

This is removed by Washing Soda — Sodic Carbonate. 

CaSOj + NagCOp = CaCO., d-Na^SOj. 

The resulting CaCO^ is insoluble in Water, and Sodic 
Sulphate does not cause hardness. 

^^Proof of Composition. 

(A) liy volume. 

(1) Analytically. By electrolysing Water. 

(2) By e.\ploding Hydrogen and Oxygen in an 
Eudiometer. 

Into an Eudiometer are passed 100 measures of 
Oxygen and 100 measures of Hydrogen. The mi.Kcd gases 
are_ exploded over Mercury. After the explosion, the 
residual gas is found to be 50 measures of Oxygen, the 
Mercury having risen through 150 measures. 
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This shows that 100 measures of Hydrogen have 
united with 50 measures of Oxygen to form Water. 

B. By weight. 

By passing pure dry Oxygen over Cupric Oxide in a 
hot tube. 

2CuO + 2 H 2 = 2Cu + 2H.,0. 

Two observations are made. (1) The loss of weight 
of the Cupric Oxide. (2) The weight of Water produced. 
The first measures the Oxygen, and, by subtracting it from 
the second, we get the weight of Hydrogen. Thus we 
know what weight of Hydrogen and of Oxygen make up 
the observed weight of Water. 

2 — From the following observations it is required to 

deduce the percentage composition and the formula of 
Water : — 


Weight of tube &. Oxide before experiment 334‘598 grms. 

»• .. after experiment 314-23C „ 

Weight of drying tubes before experiment 426-358 „ 

»• ^ » after experiment 4^9-203 „ 

334i-598 — 314-236 = 20*362 = weight of Oxygen, 
w • — 426-358= 22-905 = weight oi Water. 

>\ eight of Water — weight of Oxygen=weiglit of Hydrogen 
2:2-905 20-302 = 2-543. 

22-90o : 2*543 : : \00 : x = 11*11 
22-905 ; 20 362 : : 100 : x = 88-89 

-^1= 11-11 and 11-11 -^55 = 2 
0 88-89 16 — 5-5 and 5*5 5 5 = 1 

Therefore the formula is H..O. 


Mechanical Mixtures are to be carefully distin- 

^ 1 ™ difference clear, 

nf fwT r tabulate tlie points that distinguish a mixture 

from Steam Hydrogen with one volume of Oxygen 


K 
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H 2 + O. 

1. -Dcnsity ^ 3 — = 6 . 

2. —On ligating explodes forming 

steam. 

3. — Hydrogen raj iily difluscs out. 


4. — Oxygon is readily absorbed by 

Pyrugallato of Potash. 

5. — Is not absorbed by Hygroscopic 

bodies. 


II 2 O. 


1. — Density -1^ = 9. 

^ 2 

2 . --On heating exp.indfi, and on 

cooling contracts. 

3. — Hydrogen does not diffuse as 

such. It goes combinccl with 
Oxygen us steam. 

4. — Does not part with Oxygen to 

this re.igent. 

5. — Is readily absorbed. 


0.— Condensible onlynnder extremely C.— Easily condensible, 
high pressure ;in<l low tempera- 
ture. , 


7.— Absorbs but little radiant heat. 


7.— .\bsorbs much radiant heat. 



Hydric Peroxide, H 2 O 3 = 34. 

1 — Preparation. 

(0 % passing a current of Carbonic Acitl through 
^ ater coutaining Barium Peroxide in suspension 
BaOa + CO., + H„0 = H..O 2 + BaCO’,, 

Tlie Barium Carbonate is removed by filtration, 

(2) By the action of Ikrium rcro.xide on Hydro- 
chloric Acid. 


fi Tt • + 2HCl = BaCl., +H,0, 

the Barium of tlie Barium Chloride can be precipitated as 
Sulphate by the addition of Sulphuric Acid, Hydrocliloric 
Acid being regenerated in the process. This Hydrochloric 
Acid can act on a fresh portion of Barium Peroxide 

When sufficient Hydrogen Peroxide has been prepared, 
Si^er Sulphate may be added instead of Sulphuric Acid. 
H.OjH-BaCL+Ag^SO^ — BaSO^ +2AgCH-H20„. 
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2 — Physical Properties. 

Colourless, syrupy liquid, soluble in Water. 

(1) Uecoiiiposed by heat. 

2H,0., = 2H„0 + O.. 

(2) Powerful oxidising ageut, eg.y 

PbS + 4H.> = PbSO^ + 4H„0. 

As.O, + 2H.,0.. =As.. 0, + 2H.,0. 

BaO„ + H^O., = BaO. + H.O. 

(3) Powerful deoxidising agent, c.r/., 

MnO„ + H„0.> = MnO + H..0 + O.. 

2Cr0'3 + 3H.,6, = Cr.O^ + 3H.,0 + 30,. 
Chromic Anhydride. Chromic Oxide. 

H,0., + O 3 = H„0 + 20.,. 

AgnO + 11,0., “ Ag + ll.,0 + 0,. 

(4) Decomposed" catalytically by Platinum,' Silver, 
Gold and Charcoal when finely divided. 

4 — Tests. 

(1) Chromic Acid gives a blue coloratiou, rendered 
more evident by the addition of ether. 

(2) Permanganate of Potash is decolourised. 

(3) Hydrogen Peroxide liberates Iodine from Potassium 
Iodide, which colours starch blue. 

0 — Proof of Gomposiiion. 

A weighed portion of a concentrated Solution is 
heated. The residual Water is weighed, and the 
evolved Oxygen measured. When the volume has been 
expressed as weight, we know the weight of Oxygen 
and of Water that make up the portion of Hydrogen 
Peroxide iu the Solution. Thenard found that at 14®0 
and 7G0mm pressure one volume of the coueentrated liquid 
(Sp : gr : l l) yielded 475 volumes of Oxygen. This is not 
far different from the 501'8 volumes that M'ould he evolved 
from a body having the composition indicated by the 
formula HgOj. 



135 


Compounds of Cliloride wittL Oxide. 


Oxides and Anhydrides. 

' Add. 

CliiO 


Hypoclilorous Anhydride 

HCIO 

(C1202) ? 


Chloric Oxide 

— 

C\-20-i 

= 

Chlorous Anhydride 

HC102 

C1204 

= 

Peichloric Oxide 


(C1205)? 

=s 

Chloric Anhvdride 

% 

HC103 



Hypcrchloric Oxide 

— 

{C1207):' 

— 

■ Perchloric Anhydride 

HC10< 


The compounds in brackets have not yet been pre- 
pared. Their existence is predicted from the numerical 
sequence of the series. It will be observed that though 
Perchloric Anhydride is not known, the corresponding 
Acid is well known. 

Hypochlorobxs Anhydride, ChO. 

1 — Prcimration. 

(1) Bypassing Chlorine over precipitated Mercuric 
Oxide. 

2HgO + 2C1, = HgCL HgO + CLO. 

Mercuric Oxychloride. 

(2) If the ]\Iercuiic Oxide is suspended in Water a 
solution of Hypochlorous Acid will he formed 

CLO + H20 = 2HC10. 

(3) If Chlorine gas be passed through finely divided 
chalk suspended in a large bulk of Water, the following 

reaction takes place : — ° 

CaCOj + HjO + 2CL = CO^ + CaCl^ + 2HC10. 
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(4) The Acid can be dehydrated by glacial Phosphoric 
Acid, HPO 3 . 

2HC10 + HPO., = H,PO, + CL_0. 

2 — Physical Properties. 

(1) The Aohydride is a yellow gas. The acid is a 
yellowish liquid. 

3 — Chemical Properties of Hypfochlorous Acid. 

(1) Decomposed by Hydrochloric Acid. 

HCIO + HOI = H.,0 + Cl.,. 

Hence its indirect oxidising power. 

(2) Hypochlorites are formed by tlie addition of 
Hydrates. 

KHO 4 - HCIO = KCIO + H.,0. 

Since the Hypochlorites readily yield Chlorine, they 
are important bleaching and oxidising agents. 

Potassium Hypochlorite is usually made by passing 
Chlorine through a cold solution of Potassic Hydrate. 

Cl, 4 - 2KHO = KCl 4- KCIO 4 - H.,0. 

Bleachimj Powder. 

The body is commonly called Chloride of Lime— that 
is the Chloride of Calcium Oxide and not of Calcium. 

It is prepared by passing Chlorine Gas over trays of 
Calcium Hydrate. 

2Ca(HO), 4 - 2C1., ^Ca"(C10), 4 - CVTl, 4 - 2H..O. 

But It is proved that Calcic Chloride is not present in 
Chloride of Lime. The Hypochlorite and the Chloride 
form a new compound. 

Ca(C10,), 4 - CaCL = 2CaOCl,. 

Bleaching Powder. 

This compound may be regarded as Calcium Chloride 
with one atom of Chlorine replaced by an equivalent of 
the radicle CTO. 

Thus 

Ca{g+C«{C}0 = Ca[Clo+Ca{C10 
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Bleacliiog I’owder readily yields Chlorine on the 
addition of Acids. 

CaOCU + H,SO, =CaSO, + H,0 + Cl... 

It is largely used as a disinfectant. 

Chlorous Anhydride, CLO,. 

1 — Preparation. 

By heating gently a mixture Nitric and Avsenious 
Acids with Potassium Chlorate KCIO 3 . The Nitric Acid is 
reduced to Nitrous Acid by tlie Arsenious Acid. The 
Nitrous Acid deoxidises Potassium Chlorate, forming 
Potassium Nitrate. 

HNO 3 + H,As 03 = H,AsO, + HNO.. 
and 2HN6, + SKClO., = 2 ICNO 3 + CLO..;+ H.,0. 

2 — Properties. 

A greenish yellow unstable explosive gas. Dangerous 
to prepare. 


Chlorous Acid, HClOj. 

1— P/tfpa ration. 

(1) By hydrating the Anliydride. 

CDO 3 + H.,0 = 2HC10... 

(2) By tlie action of Sulphuric Acid on Lead Chlorite. 
Pb(C10,), + H.SO, = PbSO, + HCIO... 

2 — Properties. 

A yellow liquid, feebly acid. 


Perchloric Oxide, CLO^. 


1 — Preparation. 

(1) By the action of Sulphuric Acid on 
Chlorate. 


Potassium 


aK;C10,, + 2H,S0,=KC10,+2KHS0,+H..0+C1..0, 

I'augerous to prepare, except iu minute efuantitie's. 
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2 — Pi’cmerties. 

A yellowish gas, hut, when prepared under water, tlic 
solution has a red colour. It is extremely explosive. 
When mixed with Carbon or Sulphur it detlagrates with 
brilliance. Tliis may be demonstrated by the addition ot 
Sulphuric Acid to a mixture of Totassic Chlorate and 
powdered Sugar. 

Chloric Acid, HCIC.^ 

1 — PveiKiraiion. 

( 1 ) By adding Sulphuric Acid, drop by drop, to a 
solution of Ba(C10 

Ba(C10,)., +"H,S 04 =BaSO, + 2HCIO,. 

(2) By mixing two strong solutions of Botassium Clilo- 
rate and Hydrofluosilicic Acid. 

2KC10., 4- H.,SiF« + 2HC10.,. 

2 — Physical Properties. 

A colourless syrupy liquid, with very acid reaction. 
Z^Chemical Properties. 

(1) When heated is con vci ted into Hydrogen Berchlo- 

rate. 

3HC10, = HCIO, + H.O + CL + 20,. 

(2) Hydrochloric Acid causes evolution of Chlorine. 

HCIO., + 5HC1 = 3CL + 3H,0. 

4— Chlorates. 

(1) Calcium Chlorate is prepared by passing Clilorine 
through a boiling solution of Ca(HO)... 

6 Ca(HO), -f GCL = Ca(C 103 ), + 5CaCl., + 6H,0. 

( 2 ) Potassium Chlorate is prepared by adding K 2 CO 3 , 
Potassium Carbonate to Calcium Chlorate. 

CafCiq^), + K 2 CO 3 = 2 KCIO 3 + CaCO.,. 

The Calcium Carbonate is precipitated. 

(2) Potassium Chlorate can be made directly by passing 
Chlorine through a hot solution of Potassium Hydrate 
CKHO + 3C1.. = KCIO 3 + oKCl + 3H,0. 
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The less soluble Chlorate ci 7 stallizes out. 

(4) The Chlorates evolve Oxygen on heating. 

5 — Tests foi' Chlorntes. 

(1) All soluble in Water. 

(2) Deflagrate on CharcoaL 

(3) Evolve O.xygen — the residue giving a white pre- 
cipitate with Argentic Nitrate. 

(4) A yellow explosive gas evolved on the addition of 
Sulphuric Acid. 


Percliloric Acid, HClOj. 

1 — Preparation. 

(1) Potassium Perchlorate is first prepared. AVlien 
Potassium Chlorate is steadily and moderately heated, one- 
third of the Oxygen comes off, and then the evolution 
ceases. This check is owing to the formation of KCIO 
which parts with its Oxygen only at In’gh temperatures. 

2KC10, = KC10, -h KCr+ O.,. 

The Salt, KCIO^, is only slightly soluble in Water, 
and, therefore, on digesting with Water the Potassic Chlo- 
ride is separated. 

(2) Perchloric Acid is prepared by distilliiifr Potassium 
Perchlorate with strong Sulphuric Acid. 

2KC10, -H H,SO, = K,SO, -b 2HC10,. 

^-^Froperttes. 

A colourless volatile liquid. Neither the Acids nor 
Its salts are of any importance. 


Oxygen Compounds of Bromine 

-Hypohromic Anhydride. 

HgO + 2Br, = HgBr, -pBi^O. 

-Mypooronne Acid. 

Br^O + H„0 = 2HBrO. 
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3 — Potassic Bromatc. 

61vH0 + 3Br., = KlirO., + 5KBr + 3H„0. 

4 — Bromic Acid is prepare*! from I’aric Broinate. 

Ba(Br 03 )o + H.,SO,, = BaSO, + 2 HBr 03 . 

Oxygen Compounds of Iodine. 

1.. 0 5 Iodic Anhydride HIO, Iodic Acid. 

1.0. Periodic Anhydride HIO^ Periodic Acid. 
1 — Iodic Anhydride is prepared by heating Iodic Acid 

to a temperature not exceeding 170'^C. 

2 HIO 3 =H,0 + I.O,. 


Iodic Acid, HIO3. 

1 — Preparation. 

(I) By the action of Sulphuric Acid on Barium 
lodate. 

.os + 2HIO3. 

(2} By the action of Chlorine Water on Iodine. 

+ 5 CI 2 = 2HI03 + lOHCl. 

1 r? precipitated by adding 

finely divided Silver Oxide. ® 

(3) By boiling Iodine in Nitric Acid. 

3 Ij + IOHNO3 7 6HIO, + 5 N,Oj + 2H5O. 

(4) Preparation of lodates. “ 

r9' ^l"-r + 3H»0. 

By heating Potassium Chlorate and Iodine 
2KCIO3 + I2 =2 k:i03 + cij. 
^"—Properties. 

A crystalline solid, insoluble in alcohol 
easily reduced, 

HIO 3 ' + SHI = 3r„ + SH.O 

2HI03+5H,S=C+3s“+6n0. 


It is very 
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Periodic Acid, HIOi- 

1 — Preparation. 

fl) Iodine will replace Chlorine in the Perchlorate. 
2KC10, + I 2 = 2KIO, + CL. 

(2) This Potassium Perioclale is treated \vii\i Lead 
Kitrate. A double decomposition ensues. 

2KIO,, + PbfNOa)^ = 2KNO,-, + 

(3) Lead Periodate is then treated with yulphuric 
Acid. 

Lb(IO,)., + H,SO, = PbSO., + 2HIO,. 

2 — Properties. 

A colourless cvystaline solid of no importance. The 
Acid is known only in Hydrated forms. The Anhydride 
can be prepared by heating the acid crystals to 170^C. 

Tabular View of Halogen Com- 
pounds. 

Cl Br T F 

HCl HBr HI HF 

HCIO (CLO) HBrO(Br..O) 

HClOaCCLO,,) — " — — 

CI 2 O, 

HCIO, HBrO, HIO, (loOJ 

HCIO, HBiO, HIO, (I.JO-). 

Sulphur. 

1 — Sources. 

Found native in volcanic districts. Found combined 
in Iron Pyrites, FeS., and Copper Pyrites (FeCu) 

2 — PrC'paratieni. 

(1) The Sulphur found native is purified by fusion 
and distillation. 

(2) By heating Iron Pyrites. 

3FeS2 = Fe3S, + S^. 
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— Physical Propcriies. 

(J) Yellow, solid, without taste or odour. Bad con- 
ductor of heat and electricity. Insoluble in water. 
Soluble in benzine, turpentine, oils, and Carbon Disulphide. 

(2) Allotropic modifications. 

Octohedral, when crystallised from solutions. 

Prismatic „ „ from fusions. 

Plastic, when heated to near its boiling point, and 
poured in a thin stream into cold water. 

3 — Action of heat on Sulphur. 

(1) Fuses to a mobile liquid at 115°C. 

(2) Becomes thick and viscid at 220°C. 

(3) Boils, first becoming very mobile, at 440*^0. 

(4) Vapour density at boiling point, 96. 

(5) Vapour density at 900®C, 32. 

4 — Chemical Properties. 

(1) Combines directly with Hydrogen (a) wlieu 
Hydrogen is passed through molten Sulphur, or (h) when 
Sulphur is burnt in Hydrogen. 

Ha + S = HjS. 

(2) Burns in Air or Oxygen, flame being blue. 

S + Oj = SOj. 

5 — Proof of Atomic weight. 

The Atomic weight is known from 

(1) The vapour density of Sulphur. 

(2) The proportion of Sulphur found in its volatile 
compounds. 


Compound of Sulphur with 

Hydrogen. 

HjS = Hydrogen Sulphide, Sulphuretted Hydrogen. 
H 2 S 2 - Hydrogen Persulphide. 
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Hydrogen Snlpiiide, H^S. 

1 — FrepciTation. 

(1) FeS + 2HC1 = FeCl, + 

(2) SbS3 + GHCl = '2^-bCl3 + ^H^S. 

2 — Physical Properties. 

Colomless gas with fetid odour. At ordinary tempe- 
rature "Water dissolves about three limes its own volume of 
Sulphuretted Hydrogen. 

3 — Chemical Prapcrtics. 

(1) Deconnjosed by Halogens. 

H^S + Cl, = 2HC1 -h S,. 

('2) Oxygen decomposes Sulplmretted Hydrogen at 
ordinary teuiperatures. 

2H,S + O, = 2H,0 d- S,. 

(S'i It burns in Air or Oxygen. 

2 H 2 S + 30, = 2H,0 d- 2 SO 2 . 

(4) Peroxides decompose it. 

Fe^Oa d- = 2FeS d- S d- 311,0. 

(5) Forms Sulphydiates with Hydrates. 

KHO d- HjS = IvHS d- HjO. 

(6) Precipitates the Sulphides of Silver, Mercury, 
Lead, Copper, Bismuth, Antimony, Arsenic, Tin, from 
Acid solutions. 

2 AgN 03 d- H2S = Ag2S d- 2 HNO 2 . 

(7) Precipitates Zinc, Manganese, Iron, Aluminium, 
Chromium from Alkaline solutions. 

ZnCl, d- H 2 S = ZnS d- 2HCI 

4 — Proof of Cov\position. 

(1) By burning a morsel of Tin or Potassium in the 
gas it is found that after combustion a volume of Hydro- 
gen remains equal to the volume of gas taken. Therfore, 
H)* drogen Sulphide contains its own volume of Hydrogen. 

Now, 22-4 litres of Hydrogen Sulphide weigh 34 
grammes and 22 4 litres of Hydrogen "weigh 2 grammes, 
therefore the weight of Sulphur present is 32 grammes, 



153 


which is the relative weight of the atom of Sulphur. 
Therefore, Hydrogen Sulphide contains 2 atoms of Hydro- 
gen and 1 atom of Sulphur. 

5 — Tests for Sul2)hides. 

When treated with Acids they evolve a gas which 
blackens lead paper and has a cliaracteristic odour. 

Hydrogen Persulphide, H2S2. 

1 — Freparation. 

Flowers of Sulphur are boiled with Slaked Lime. 
The clear cold solution contains Calcium Disulphide CaSj. 
It is poured gradually into dilute Hydrochloric Acid. 
Yellow drops of Hydrogen Persulphide settle at the bottom 
of the vessel. 

CaSg 4- 2HCl = CaCl2 + H^S.,. 

2 — Properties. 

Analogous to Hydrogeu Peroxide. 


Componnds of Snlphnr with 

Chlorine, 

SgClj = Sulphur ^lonochloride. 

S CI 2 = Sulphur Dichloride. 

S CI 4 = Sulphur Tetrachloride. 

Sulphur Monochloride, SsCh. 

\'—Pre'paration. 

By passing Chlorine over molten Sulphur. 

Sj + CI2 ~ S2CI2. 

2 ^Properties. 

A yellowish liquid which fumes in air and has an un- 
pleasant odour. Decomposed by Water. 

2 S 2 CI 2 4 2 H 2 O = SO 2 4 -IHCl 4 3S. 



155 

Sulphur Bichloride, SCl^. 

1 — Frcparaticyn. 

By passing a current of Chlorine into Snlpluir ^lono- 

chloride. 

2 — Pro2)eriics. 

A dark red liquid. Decomposed by Water. 

2SC1, + 3II2O = 4HCI + H,SO, + S. 

Sulphur Tetrachloride, SCh. 

1 — Prejja ra iion. 

By saturating the Diehloride witli Clilorinc at — 22®C. 
2 — Proj)crtics. 

Combines wiih Metallic Clilorides. 

SnCl^,2SCl,. 

Compounds of Sulphur with Oxygen. 

SO 2 Sulphurous Anhydride H2SO3 Sulphurous 
Acid. Hydrogen Sulphite. 

SO3 Sulphuric Anhydride HjSO., Sulphuric 
Acid. Hydrogen Sulphate. 

Sulphurous Anhydride, SO2. 

1 — Pre'paraiion. 

(1) Igniting Sulphur in Oxygen. 

S + O2 = SO2. 

(2) Heating Black Oxide of Manganese with Sulphur. 

MnOa + 82= MnS + SO^. 

(3) By heating Sulphuric Acid with Carbon. 

C + 2H2SO, = CO2 + 2H2O + SO2. 

(4) By the action of Copper or Mercury on Sulphuric 
Acid. 

Cu + 2H2SO, = CuSO^ + 2H2O + SO2. 
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2 — Physical Properties^ 

Colourless g<ts. characteristic odour. Very soluble 
in Water. One volume of Water dissolves lOO vols. of the 
gas at 0 *^ 0 . ■ 

3 — Chemical Properties. 

(1) Passed with Hydrogen through a hot porcelain 
tube it is de-oxidised. 

SO 2 + 2 H 2 = 2 H 2 O + S. 

(2) Combines directly with Chlorine. 

SO 2 + CI 2 =S 02 CI 2 , 

(3) With Halogens in the presence of Water it yields 
the respective Halogen Acids. 

SO 2 + 2 H 2 O + C4 = 2HC1 + H 2 SO 4 . 

The theory of this is that Chlorine deoxidises the 
Water combining with Hydrogen, while the Oxygen 
liberated from the Water oxidises the Sulphurous Anhydiide 

(4) It is a reducing agent. 

2 H 2 S + S02 = 2H20 + 3S. 

(5) When passed over spongy Platinum it combines 
with Oxygen. 

2SO2 + O2 = 2S03. 


Hydrogen Sulphite. Sulphurous 

Acid, H.SOs. 

1 — Preparation. 

By Hydrating the Anhydride at O^C. 

^ SO 2 + H20 = H2S03. 

2 — P/iystcuZ Properties. 

Colourless liquid wuth Sulphurous smell. 

3 — Chemical Properties. 

An important bleaching and oxidising a^^ent 

^^Tests for Sviphites, * 

(1) Sulphuric Acid, causing evolution of SOo- 

Hydrogen (Zii + H^SOJ causes an 
evolution of Hydrogen Sulphide wliich blackens lead paper 
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Sulphuric Anhydride, SO3. 

1 — Preparation. 

(1) By passing Sulplmrous Anhydride and Oxygen 
over heated spongy rialinum. 

2502+02 = 250.,. 

(2) By dehydrating Sulphuric Acid hy Diosplioric 
Anhydride. 

3H2SO, + r20, = 2H3VO, + 3SO2. 

2 — Physical Properties. 

At ordinary temperatures it is fibrous solid, similar lo 
Asbestos. There is also a liquid variety which crystallises 
at 16°0 in transparent prisms. The two varieties are 
isomcHc. 

3 — Chemical Properties. 

Combines with Water with much violence, giving 
Sulphuric Acid. 

Hydrogen Snlpliate. Sulphuric 

Acid, H2S0<. 

X^Preparaiion. 

(1) By the action of Chlorine on Hydrogen Sulphite 
in Water. 

H2SO3 + HaO + CI2 = 2HC1 + HaSO,. 

The Hydrochloric Acid is precipitated by Silver 
Nitrate. 

(2) By boiling Sulphur in Nitric Acid. 

S + 2HNO3 = H,SO, + 
o — Manufactxire of Sulphuric Acid. 

(1) Iron Pyrites, or Sulphur, is heated in air. 

4.FeS2 + IIO 2 = 2 Fe 203 + 8S0a. 

S + Oa = SOa. 

XT Nitrates are heated, yielding 

NaOa* which at once combines with the Oxygen of the 

^2^3. In the presence of Water, this Nitrous 
Anhydride acts on SO 2 thus, 

Na03 +S0a = S03 +NaOa. 
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(3) Tlie Sulpliuiic Auhydrule is hyilrnted b}’’ jets of 
steam. 

^0, + H.O = H.SO,. 

(4) The Sulphuric Acid is concentrated by evapo- 
ration ill porcelain or platinum basins. 

2 — Physical Pi'Oi>ci‘iics. 

A heavy, oily, colourless liquid. Specific gravity, 1'84. 
Doiling point, 338®C. A great dcssicator. 

3 — Chemical Properties. 

(1) Combines with Water evolving much heat, and 
forming definite hydrated compounds. 

(2) Forms two distinct Salts with Monad base.s, c.(j . 

K'irfSO,) K%SO,. 

3 — Tests for Sulphates. 

(1) White precipitate with Barium Chloride insolublr 
in Hydrochloric Acid. 

(2) The iollowing are the insoluble Sulphates : — 
BaSO,, SrSO,, PbSO,. 


Nordhausen Sulphuric Acid, 

H.S.O:. 

1 — Preparaiion. 

By distilling dry Ferrous Sulphate. 

2FeS0j = Fe^O., + SO^ + SO,. 

Sulpluiric Anhydride is dissolved in very 
little Watei^ or m ordinary Sulphuric Acid, it forms a 

compound having the composition SO ,, SO 

2 — Properties. 

A brown, fuming liquid, decomposed by heat yield- 
mgi wd.nary Sulphuric Acid. Used as a solveuV for 
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Hyposulphnrous Acid, H^SO... 

1 — Trepara tion . 

liy the action of Nascent Hydrogen on Sulphurous 
Acid. 

H,S03 4- H., = H.,SO, + H.o, 

2 — Pyopcrtics. 

Absorbs Oxygen from Air. llcduccs Argentic Ni- 
trate. Decolourises Indigo. 


Thiosulphiaric Acid, H2S2O3. 


1 — Preparation of the Acid. 

By passing Sulphuretted Hydrogen through Lead 
Thiosulphate suspended in AVater. 

BbS.O, + ll,S = VhS + 

2 — Properties. 

A very irritant Acid, which has some important Salts. 
Preparation of the Thiosulphates. 

By boiling Sodium Sulphite with Sulphur 

Na.,SO, + S = Na2S,0,. 

Properties. 

(1) The Thiosulphates of the Alkalis, and of Magne- 
sium, and Zinc are soluble. 

(2) They decolourise tincture of Iodine, forming Tetra- 

thionates. ^ 


2Na,S 0, -fl, = 2Nal -f- Na.S..O,, 

Acids decompose Thiosulphates by fir.st foiinin^ 
the unsvable Acid which precipitates its Sulphur. ° 

m <;•! = 8-1- HaSO^. 

SUvi LSS 

t " -^sSjO, + 2Nam,. 

fg?S 0, + H,0 = As,S + H,SO,. 

(5) oodmm Ihiosulphate dissolves Silver Cliloride 

NajSjO, + AgCl — AgNaSjO, + NaCl. 
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The soluble compound AgNaS^O^, where each atom 
of basic Hydrogen is replaced by a different metal, is called 
4 a double salt. 


Table of the Chief Acids of Sulphur. 


H2S == 

Ilyjlrogen Sniphido = 

Sulphuretted Hydrogen. 

II 2 SO 2 = 

Hydrogen Hyposulphite = 

Hyposulphurous Acid. 

H-2S03 =1 

Hydrogen Sulphite = 

Sulphurous Acid. 

H2S04 = 

Hydrogen .Sulph.ite =: 

Sulphuric Acid. 

H2S20:i = 

Hydrogen Thiosuliihatc = 

Tlriosnlphuric Aejil. 


The ISTitrogen G-roup. 


Non-metals. 

Nitrogen & Phospliorus. 
N. 

NH. 

NCI3 
Nod. 

Noo: 


Metalloids. 
Arsenic & Antimony. 


Metal. 

P>ismiith. 


r, 

As. 

Sb. 

Bi. 

PH, 

ASH 3 

SbH., 

■ . ■ . 

PCI, 

ASCI 3 

SbCl^ 

P>iCl^ 

P.O, 

Asjd^ 

sb.d., 

Bi,d 3 

1 ^ 0 ,, 

As.O. 

«> 

Sb, 0 , 

Bi^O,, 

Nitrogen, N'" 

14. 



1 — Sources. 

Air. Nitrites. Ammonia. 

2 — Preparation. 

• oxidising Phosphorus in Air. is soluble 

in Water, while Nitrogen remains undissolve'd. " 

( 2 ) A solution of Pyrogallate of Potash wUl absorb 
Oxygen from Air, leaving Nitrogen. 

(3) Heating Ammonium Nitrite. 

NH,no^ = oh^O. + N^. 

■v.., .w. being unstable, Potassium 
JMitnte is used with Ammonium Chloride. 

-f NH.,C1 = KCl + 2H,0 + N.. 

W) Py passing Chlorine gas through Ammonia in 

2^3 + 3CU = GHCl + Nj. 
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If Chlorine be in excess :i Chloride of Nitrogen is 
formed. 

3 — Physical Pro 2 )cr(ics. 

Colourless, tasteless, odourless, very slightly soluble 
in Water. 

4 — Chemical Properties. Entirely negative. 

(1) Combines directly ^vitU Boron and Magnesium at 
red heat. 

(2) Docs not burn. 

(oj Does not support combustion. 


Ammonia, ISTHs = 17. 


1 — Source. 

Ammonium Chloride, Manufacture of Coal Gas. The 
distillation of organic matter with Soda Lime. 

2 — Prepa ration . 

(1) By the direct union of Hydrogen and Nitrogen in 
the nascent state, c.y., Heat a mixture of Zinc, Potassium 
Hydrate, and I’otassium Nitrate. 

A. 3Zn + 6KHO=3K.^O + 3ZnO + 3H.,. 

B. 5Zn+2KN03=5Zn() + K20-bN2. 

C. SZri+6KH0 + 21vN03=8Zn0+4K:20 + 2NH3. 

(2) Prom the Nitrogen of Air. 

A. Pass Nitrogen over a mixture of Barium Oxide 
and Carbon. 

BaO +C 3 + N., = Ba(CN )2 + CO. 

B. By passing steam over the Ba(CN) 2 . 

IMCN), .+ -fH^O = 2 NH 3 + BaCO., + CO + 

(?) By distilling Nitrogenous organic matter with 
Alkalis, Soda Lime. The Nitrogen of the organic 
compound distils over in union with Hydrogen as 
Ammonia 

(4) By heating any Ammonium Salt with Lime. 
2NH,C1 + CaO = 2 NH 3 + CaCL, + H^O. 
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This is the usual method for preparing Ammonia in 
the Laboratory. Host of the Ammonia of commerce is a 
product of the destructive distillation of Coal. Tlie fol- 
lowing methods are of theoretical importance : — 

(5) Ammonia is produced hy tlie decomposilion ot 
Urea. 

NH^eXO + n.O = 2XH, + co^. 

(6) By passing Nitric Oxide and Hydrogen over 

spongy platinum (Catalysis). 

+ 5H, = 2X11., + 2If,0. 

— Physical Propcrlks. 

Colourless gas — Alkaline, with characteristic odour. 
Water at 15® dissolves 750 times its volume of Ammonia 
gas. Liquor Ammonire is a solution of the gas in water. The 
gas is collected over Mercury, and dried by passing it over 
quick-lime. Calcium Chloride absorbs Ammonia. 

4 — Chemical Properties. 

(1) Decomposed by a series of electric sparks. 

2NH., = X., -h 

(2) Unites with Acids without displacing the Hydro- 
gen, forming Salts isomorphous with the Salts of Sodium 
and Potassixim. 

XH3 -h HCl = XII, Cl. 

XH, + HXO3 = XH, XO ,. 

2XH,, -h H„SC),= (Xll,).Sb,. 

(3) Combines with Oxygen in tlie presence of heated 
spongy Platinum. 


flame. 


XII3 -f- 20^ = HXO, + H.,0. 

Mixed with Oxygen it burns with a greenish yellow 


(4) Potassium, when heated in Ammonia Gas, re- 
places Hydrogen. 

2NH3 -f K., = 2KXH2 + H,. 

(0) Certain bodies, such as Silver Chloride and 
Calcium Chloride, absorb many times their own volume of 
Ammonia Gas, and yield it again on heating. 
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(G) It is Gecompo^ct-l on it llivongh a hut 

porcelain tube. 

G — Proof oj Conqm^ilion. 

(1) By onalyf^is. Ey passing a j^erius of electric 
sparks tlirongh Aniiiionia in an eiKlicnietcr, the gas is 
decomposed, its volnine being doubled. 

2XH, = X, + oH,. 

T)ie amount of Hydrogen liberated iruin the Amino- 

nia can be estimated by doubling the volume of Oxygen 
required to burn it. The residual gas is Xilrogen. 

(2) By Cldoi'im'. Ammonia is adided to a giaduated 
tube containing Chlorine till all the Chlorine has dis- 
appeared. Hydrochloric Acid and Xitrogen are thus 
formed. If nou' a dilute solution of Hydrochloric Ackl 
be admitted to the tube, all the Hydiochloric Acid formed 

will dissolve. If Mercurv now be admitted to the vacuum 

% 

thus formed, it will be found that the Xitrogen occupies 
one third of the volume of Chlorine originally present. 
But Chlorine and Hydrogen combine in equal volumes, 
therefore the volume of Xitrogen in Ammonia is one 
third of the Hydiogen. Hence, if llie volume of Xitrogen 
be one, the vohnne of Hvdroacu must be three, 'ihe 
formula for Ammonia is thus XH 

♦ I 

G — Teats for A/n7iio)na. 

(1) Odour. 

(2) Turns red litmus blue. 

(3) Gives white fumes of XH.Cl with Hvdrochloiic 
Acid. 

(4) Yellow precipitate with Kessler’s Solution. 

(5) Gives a deep blue colour with Copper Salts. 


Ammonium, ITH4. 

1 — From the hehaviour of Ammonia with Acids, it is 
conjectured that there is a basic radicle Ammonium (KH^). 
This radicle, however, has never been isolated. The evi- 
dence for its existence is : — 
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(1) Ammonia forms with acids, salt-; that aru 
isomorphons with Sodium and Potassium Sjdts. 

(2) The solution of Ammonia in "Water hehaves as 
the Alkaline Hydrates KHO and NallO. 

Thus Nil;,, lUO = (NH ,)110, which may tie eom- 
pated to KHO. 

The production of the so-called Auiniouium Amalgam 
is not evidence. This curious body can he piej>:He«l hy 
electrolysing a solution of Auimonic Chloride, ]\Ii'rcui'y 
beiug employed as the electrode where the curient leaves 
the solution. It may also be prepared l*y making lii>l the 
Sodium Amalgam, and then treating it with a .solut ion of 
Ammonic Chloride. A spongy mass, of metallic appear- 
ance, begins to Hoat in the solution Examination prove.s 
that it is not a genuine amalgam. It is merely "Mercury 
inflated with Ammonia and Hydrogen. 


Halogen Compounds of N itrogen. 

The Chloride, Bromide, and Iodide of Nitrogen are 
known — NCI., NBr., NT.,. They are dangerous explosivi- 
compounds. Iodide of Nitrogen may be prepared by 
digesting a little Iodine in a cold solution of Ammonia. 
A black insoluble powder is obtained. This is NI.,. or a 
mi.xture of NI., and NHI.^. If a little of this powder is 
placed on blotting paper and allowed to dry, it will deto- 
nate loudly on the slightest motion. 


Oxygen Compounds of Nitrogen. 


Oxide.s nnd Anljydrid<s. 


Acids. 


N2O Nitrous Oxide. 
N2O2 Nitric Oxide. 


(UNO IIj-p«jiitr«)us Acicl). 


N2O3 Nitrous Anhydride. 
K2O4 Nitric Peroxide. 


HNO2 Nitrous Acid. 


N2O3 Nitrie Anhvdri<lo. 


HNO;? Nitric Acid. 
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ITitrous Oxide, N.O. 

1 — Preparation. 

(1) By beating Ammonium Nitrate. 

NH.NO,, = N,0 + 

(2) By the deoxidation of dilute Kitiic Acid by Zinc 
2Zn + lOHNO, =4Zn(NO,)., + 5H,0 + N«0. 

(3) By deoxidising Nitric Oxide (NjO,) by such 
deoxidising agents as Sulphurous Anliydride and Iron 
filings. 

N,02 + SO2 + H^O = H^SO, + N..O. 

2 — Physical Properties. 

A colourless, odourless gas. with sivcct taste. Soluble 
in water. Used as an antc.sthetic. Laujihins: f^as 

3 — Chemical Properties. ^ 

(1) I>oes not burn but supports combustion. Bodies 
^at combine with Oxygen burn at the expense of the 
Oxygen of Nitrous Oxide, the Nitrogen being left. 

(2) Mixed with its own volume of Hvdi^gcn it forms 
an explosive mi.xture which detonates loudly 

N2O + Hg =H.O + K;,. 

(3) If Hydrogen and Nitrous Oxide be passed over 
spongy platinum gently heated, Ammonia is formed 

^ T. . + 4H2 = 2NH3 + H.O. 

4 — Proof of Composition. 

fill y** a small piece of I’otassium in a bent tube 

ffled with the gas, one end of tlie tube being open under 
Mercury and the other end closed, the Potassium com- 
bines with the Oxygen. But thevo is no chaugo of volume 

Nitrotm of 

22-4 litres of Nitrous Oxide weigli +4 grms. 


and 22*4 


)9 


Nitrogen 


)» 


28 


n 


therefore there must he IG nf 

present. We know that this weight of O.xygen occupies 
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11‘2 litres. The gas therefore contains 2 volumes of 
Nitrogen united to one volume of Oxygen, the whole form- 
ing 2 volumes of Nitrous Oxide. 

(2) We might, using the result of tlie above experi- 
ment, proceed from the density of Nitrous Oxide. 

Its density compared with Air is ... 1*527 

Deduct the density of Nitrogen — that 
is the weight of an equal volume of 
^itro^Gn .972 


, . , . . , ,, This leaves .555 

which IS just halt the- density of Oxygen, or that is to say 
it represents the weiglit of lialf a volume of Oxygen. 

Therefore i'527 grammes of this gas contains '972 
grammes of Isitrogen, and -555 grammes of Oxygen 

Sz i”'"*.- A.- 

5 — Tests for Kitro-iis Oxide. 

( 1 ) Does not burn in air. 

gi-ea/briUiaS 

(3) jJoes not turn I’yrogallate of Potash brown. 

(4) Does not give red fumes with Nitric O.xide. 


Nitric Oxide, N^O,. = 2NO. 

1 — Preparation. 

^-Fhysical PropJics. 

water^ colourless gas which can he readily collected over 
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3 — Chemical Properties. 

(1) Combines readily witli Oxygon, giving ruddy 
fumes. 

(a) 2N.O.. + O, = 2 N 2 O,,. 

(b) N, 0 /+ 0 , =N, 0 ,. 

(2) The gas is easily decomposed by bodies burning 
brilliantly when introduced into it. The Oxygen thus 
liberated causes the combustion to continue. 

(3) The gas is absorbed by Ferrous solutions which 

turn brown. This will be turned to account to detect 
Nitric Acid. 


4 — Proof of Composition. 

An experiment of the same character as that made in 
the case of Nitrous Oxide, will shew that any volume of 
this gas contains half its volume of Nitrogen. From tliis 
result we cau deduce the volumetric composition, per- 
centage composition and formula, as already shown for 
Nitrous Oxide. 


0 — Tests for Nitric Oxide. 

(1) A colourless gas giving ruddy fumes on 
to air or to Oxygen. 

_ ( 2 ) These ruddy fumes dissolve in Ferrous 

yielding a brown solution. 


exposure 

Sulpliate 


Kitrous Anhydride, IsT^O:,. 

1 — Preparation. 

hot ti.rough a 

p) By treating Silver with Nitric xVcid. 

+ 3H..0 + N..0,. 

diide ^ N>tnc Acid by Avsenions Auhy- 

2 HNO 3 + As,0, + 2H,0 = 2H,As0, + 
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2 — Properties. 

The gas should be collected in a receiver surrounded 
by a freezing mixture. It forms a blue unstable liquid, 
yielding brown fumes, readily uniting with the cold Water. 

3 N 2 O 3 + HoO == 2 HNO 3 + 4NO. 

3 — Proof of Composition. 

We know the composition of this gas from the fact 
that it is prepared by adding one volume of Oxygen to four 
volumes of Nitric Oxide. 


Nitrons Acid, HNO2. 


1 — Preparation. 

By adding Water to the Anhydride. 

2 — Tests for Nitrites. 

(1) AVhen dilute Sulphuric Acid is added ruddy 
fumes are evolved. 


(2) If starch paper, moistened with Potassic Iodide, 
IS exhibited to their fumes, the starch paper turns blue 
owing to the liberation of Iodine. 

(3) A solution of Potassium Permanganate is de- 
colourised. 

Properties. 

A blue liquid, very unstable. 

3HNO, = HNO 3 + 2NO + H,0. 

Potassium Salt can he prepared bv heatino- 
Potassium Nitrate. * ® 


Hyponitrous Acid, HNO, 

<i^A- '^oo-'^idising a solution of Potassium Nitrate hv 
Sodium Amalgam, a salt having the composition indicated 
by the formula ENO has been prepared. AtteZ^f^o 
isolate the corresponding acid have failed Tt^!f 
insoluble Silver Sal?, Ag/o. has beL pref^et ' “ 
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Nitric Peroxide, N.O, = 2NO,. 

1 — P reparation. 

(1) l*>y atidiijg Nitric Oxide to half its volume of 
Oxygeu. 

N,0, + 0, = X.,0,. 
ri!) By heating Tin in Nitric Acid. 

Sii + 4HN0., = SnO, + 21I.,0 + ^N^O,. 

2 — Physical Propertus. 

A red fuming vn|iour, easily condensed to liquid state. 
The liquid dissolves it.«: own vapour, yielding a colour vary- 
iug Irom ligiit 3 ’ellow to deep brown, according to the pro- 
portion of vapour dissolved. 

3 — Chemical Propertus. 

(1) Bassed witli Hydrogen over Spongj- riatinum it 
yields ‘Water and Ammonia. 

NaO, + 7H, = 2NH,, 4- 

(2) It combines with Water and Hydrates, forming at 
low temperatnre Nitrous Acid, and at ordinary tempera- 
ture Nitric Acid or Nitrites and Nitrates. 

K., 0 , + n „ 0=HX 0 , + H xo , 3N0 2 + n 0=2HN0 , + NO 
2 ^ 20 , + -Kilo = KNO 2 + KNO , + II..O. 

Nitntes beinp: soluble iiiul Nitrates being insoluble in 
Alculiol the salts can ea^ilv be .'^eparateil. 

(•I; It oxiilises Snlplnii- ami I’lmsplioius. 

N„Uj + S = N..0.. + SO,. 

^ ^' 20 ,, + -SO.. =N.,0., + -SO,. 

W It IS rodnecil bv Hvdno Sulphide 

2SK0, + -lKS = iX^O„ + 2H.,0 + S.,. 

Its vapoiir density is 1-589. 

The vapour densities of Nitric Oxide and Nitric Per- 
oxide arc anomalous. 

1‘589 X 14-4 X '2 = 4G. 
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But the preparation of this gas from Nitric Oxide by 
adding half its volume of Oxygen would lead us to impart 
that the formula is N„Oj. 

NoO, + 0, = N.O,. 

This would indicate a molecular weight of 02. But 
this is incompatible with its vapour density, which shows 
that the true formula is NC).^. 

The same is true of Nitric Oxide. 

Its vapour density is l-O*!. 

Its molecular weight should, therefore, be — 

104 X 14-4 X 2 = nearly 30, 
which is just half the weight according to the formula 
NoOg. Its vapour density indicates that NO is the 
formula for this gas. The adoption of these formulm NO« 
and NO destroys the apparent numerical sequence of the 
Nitrogen series, and obscures the relation of these two 
Oxides to otlier members of the series. 


Nitric Anhydride, N^Ov 

1 — Preparation. 

(1) passing dry Chlorine over Argentic Nitrate 
4AgN03 + 2C1„ = 4AgCl + 2N„05 + 0„. 

(2) By dehydrating Nitric Acid by means of Phos- 
phoric Pentoxido. 

9 m +.^30, = N,0, + 2HPO,,. 

2 — Physical Properties. 

• crystalline, solid, very volatUe, and soluble 

in Water. 

3 — Chemical Properties. 

(1) Decomposes spontaneously 

(2) Combines with Water, forming Nitric Acid 

^ n ^ ^=*05 +Hg0 = 2HN03. 

4 — Proof of Composition. ^ 

By passing the vapour of NjO, over highly heated 
Copper the Anhydride is deoxidised, CuO being \rmed 
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free Nitrogen passing on. This is collected and weighed. 
The increase of weight of the Copper gives the ainomU of 
the Oxygen. The snm of these two weights gives the 
weight of Nitric Anhydride dccoin])osc(] " Tioni these 
results we can calculate its percentage coiiipusiiion and 
formula. 


Nitric Acid, HNOo. 

1 — Sources. 

Potassic and Sodic Nitrates. liese Nilrate.s occur as 
efllorescences on soil coiitaiiiing Alkaline bases. Nitric 
Acid is formed in the atmosphere (1) hy electrical dis- 
chaiges, (2) hy the action of Ozone on iiiui.st Nitrogen, and 

in air of Nitrogenous organic matter, 
liiis Aitric Acid combines with bases formin'r Nitrates 

2 — Aitrificaiion. ^ 

(!) If a heated Platinum spiral wire be raised to 
white hoaC and bo plunged in a mixture of Air and 
Ammonia Gas, the spark M-ill continue to glow and the 
mixed gases that were forming Alkaline wiirnow yield an 
acid reaction with litmus. Nitric Acid 1ms been produced, 
r- ^ of Nitrogenous organic ninltcr be mixed 

\Mtl Lime and allowed to rut. the oxidised Niti-o.^eu will 

combine with the Lmie forming Calcium Nitrate ° 
o — x^rcparotion. 

Sulphuric Acid .uud 

(=>\ ^ + Kliso,. 

“ ow large sc<ule from Sodium Ahtrutc. 

“Oo + H,S0, = 2HK0, + N.us!o 

^^Furification-. ^ 

Nitric Acid contains vapours of lower Oxides nf 



189 


Boiling will remove the lower Oxides. 

Lead Nitrate will precipitate the vSulphuric Acidl’as 
Plumbic Sulphate which will remain in tlie retort if the 
Acid is distilled. 

Silver Nitrate will precipitate any Chloride. 

5 — Physical Properties. 

A colourless fuming liquid, with characteristic odour. 

3 — Chemical Properties. 

(1) Light decomposes it. Lower Oxides are formed 
which cause the Acid to have so often a yellow colom\ 

2HN03 = H„0 + 2NO„ + 0. 

(2) Sulphur, Iodine, and Phosphorus, when boiled in 
Nitric Acid yield Sulphuric, Iodic and Phosphoric Acids 
respectively. 

(3) Its oxidising power can be demonstrated by pour- 
inga little of the strong Acid on gently warmed, finely 
divided Carbon. The Carbon is at once oxidised to Car- 
bonic Acid. Turpentine can be oxidised by the addition of 
Nitric Acid, dehydrated by a little strong Sulphuric Acid. 

(4) ^Vith Hydrochloric Acid it yields Nascent Chlo- 
rine. This mixture is called Aqim regia. 

2 HNO 3 + 6 HCI = 2N0 + 4U„0 -t- 3C1.,. 
h^Pror/ of Composition. 

Citric Acid is neutralised by an observed weight of 

T weight of dry Lead Nitrate produced is 

noted. The Lead Nitrate is then decomposed, and the 
evolved gases (Nj. 0 ^ -f- 0 ) are passed over highly heated 
Copper, which is thereby converted into CuO,the Nitrogen 
being set free. The weight of tliis Nitrogen is the weight 
of Nitrogen present in the Lead Nitrate. The amount 
ot Lead pj esent IS known. The amount of Oxygen is 
obtained by subtracting the weight of Lead and of Nitro- 

T weight. Thus we arrive at the weight 

ot Lead, Nitrogen, and Oxygen in Lead Nitrate. 

r T calculate the percentage com- 

PbN 0 Nitrate, and calculate the formula 


2 6 * 
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Now, as we cannot, by any means, wliatever, form a 
Salt having the composition KHX..O<., we are led to the 
conclusion that Nitric Acid is monobasic, and as we know 
that Lead is a dyad we must assign to tlie Acid tlie for- 
mula HNO3, and to Lead Nitrate the formula 
Pb'^ 2 TSr 03 . 

This formida agrees with the molecular weight of 
Nitric Acid deduced from its vapour densitv. Its efensitv 
at SS^C is found to be 2*05. 

2 05 X 141; X 2 = nearly GO, 
which is sufTiciently near to G3 to justify the adoption of 

the formula IINO3 in preference to any otlier. 

7 — 2'csts for JVitrates. 
fl) All soluble. 


(2) In the presence of H. SO, they evolve red fumes 
when Copper is added. 

(3) Oeflagiate on Charcoal, and decrepitate wlieii 

heated as most crystals do wliich contain no water of 
crystallisation. 

f4) Dissolve a crystal of Ferrous Sulphate in the 
liquid to be tested, which has been allowed to cool after 
the addition of some strong Sulphuric Acid. A brown 
nng will form when those two liquids meet 

2KHlof + 


The Atmosphere. 

• 1 *^*'°*^ a chemical compound. It is a mechan- 

® Nitrogen and 

oir • following reasons induce us to believe that 

mixture and not a chemical compound 

lutely ionsLr^ constituents are not abso^ 


4 
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(2) The proportions are not those of the combining 
weights, and bear no simple relation to them. 

(3) When the constituents are brought together there 
is no change of temperature or volume, and yet the mixture 
has all the properties of ordinary air. 

(4) The constituents can be separated out by mere 
mechanical means, such as solution or diffusion. 

(5) The radiant heat absorbed by atmospheric air 
accords "wnth the comparatively small amount that would 
be absorbed by a mixture of simple gases, and not with the 
comparatively large amount that is absorbed by compound 
gases. 

(6) The density of the atmosphere and its refractive 
power, are the respective means which would result from u 
mere mixture of simple constituents. In compounds tin- 
density and refractive power are not necessarily the means 
of the density and refractive power of the constituents. 

3 — Constitution of Air, 

Although Priestley was the first to obtain Oxygen 
Gas, he did not rightly understand its connection with air, 
or its relation to combustion. This fertile discovery was 
left to Lavoisier. Priestley regarded Oxygen as a very pure 
air or gas which could, as it were, soak up in its interstices 
the material of a candle burning in it ; air already con- 
tained some such material in its interstices and therefore 
could not support combustion so readily. Lavoisier 
shewed that ordinary Combustion was combination with 
Oxygen, and that Air was a less active supporter of com- 
bustion, not because it was partially saturated, but because 

proved by obtaining one measure 
of Oxygen from every five of Air, the remaining four 
measures having no power of supporting Combustion ; and 
by provmg that when substances bum in air, the new 
bodies formed weigh more than the original substance, so 
that matter has been taken from, not added to, the Air. 

0 



Composition of the Atmosphere. 
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4 — Proof of Constitution. 

(1) By gently heating Mercury in Air till all the 
Oxygen had combined with the Mercury, Lavoisier found 
that the Nitrogen left was four-fifths of the volume of the 
air employed. 

(2) After burning Phosphorus in ajar full of air, the 
Phosphorus Pentoxide formed dissolves in the water. The 
water rises one-fifth of the way up the jar. The remaining 
gas is Nitrogen. 

(3) On shaking up a volume of Air with Pyrogallate 
of Potash the Oxygen is absorbed. If the tube containing 
the air be now opened under Mercury, the Mercury will 
rise one-fifth of the way up the tube. The residual body 
is Nitrogen. 

(I) By measuring the amount of Hydrogen required 
to burn the Oxygen in air. Let V = any volume of air. 
And V' equal the amount of Hydrogen introduced. 

V'' = volume remaining after explosion. 

Then V -f- — V" is the volume of gas that has 

disappeared as gas during the conversion into water. One- 
third of this volume must he Oxygen, 

Therefore the amount of Niti'Ogen in air is 

y _ V -bJV' — V" 

3 ‘ 

This method is applicable directl)’^ to such gases as the 
Oxides of Nitrogen, and conversely to Ammonia Gas when 
decomposed by Electricity, Oxygen being added in the 
latter case. 

(5) The composition of air by weight is ascertained 
by passing air oyer highly heated Copper. The Copper is 
oxidised. The increase of weight of the Copper measures 
the Oxygen. Nitrogen passes on into an exhausted globe 
of known weight. The increase of the weight of the globe 
measures the Nitrogen. Thus we know the amount of 
Oxygen and of Nitrogen in a weight of air equal to the 
weight of these constituents. 
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Phosphorus, 'F'" 31. 

1 — Sources. 

Phosphates of Calcium and Slagnesium Plants. 
Brain, Urine, and Bones of animals. Bone ash contains 
80 per cent, of Calcium Phosphate, Ca 32 rO^. 

2 — Preparation jrom Bone Ash. 

(1) Calcium Phosphate (Bone Ash) is treated with 
Sulphuric Acid. The Hj'drogeii of the Acid replaces two 
atoms of Calcium. 

Ca 32 PO, + 2H,SO, =CaU,2PO, + 2CaSO,. 

The very soluble Phosphate is extracted from the very 

slightly soluble Sulphate b}' "Water and afterwards evai>o- 

^ted, and when of syrupy consistence is mixed with 
Carbon. 

(2) At red lieat the Calcium Tetrahydric Phosphate 
loses two molecules of AVater, becoming Aletaphosphate. 

CaH,P,0« = CaH,2PO, 

= 2H..0 

CaP^ 0,; = Ca' 2 P 03 . 

distilled niixture of Metaphosphate and Carbon is 

t 7 + Pv 

tj) 11 sand be added to the mixture of Calcic hleta- 

Pliosphorus can be 
o r displacing Phosphorus will form 

S Caa2P0„ always produced when the 

made"";-'ld1tfprotp“ decomposed, and 

, J^f^osphorus is purified by fusion in AVater with 

.... " p,ST47t. "cs.““*s: 
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Soluble in Carbon Disulphide, Oils, Fats, and strong 
Alcohol. 

5 — Chemical Properties. 

(1) Combines directly with the Halogens evolving 
heat and light. 

2P + 3 I 2 = 2PI.,. 

(2) Combines directly with Oxygen. 

4P + 3 O 2 = 2 Ps 03 and 4P + SOg = SPjO,,. 

(3) If Phosphorus and Sulphur are heated in an inert 
gas (such as Nitrogen) Sulphur and Phosphorus unite to 
form a yellow liquid, l^S^. 

(4) Boiled with Nitric Acid it is oxidised. 

3 P 2 + IOHNO 3 =3P..O, + lONO + 5H.O. 

(5) Keduces Gold, Silver, Platinum, Mercury, and 
Copper from their Salts in solution. 

( 6 ) Phosphorescence is probably a Chemical property 
due to slow oxidation. It does not go on in pure 
Oxygen. Phosphorescence may be destroyed by the 
presence of very minute quantities of Olefiant Gas, 
Naptha, or Turpentine vapour. 

6 — Allotropic modifications. 

(1) If ordinary Phosphorus be kept in Water, free 
from Ah\ but exposed to light, it becomes covered with 
white pellicle of increasing thickness. This has been 
termed white Phosphorus. 

(2) If yellow Phosphorus be heated in an inert gas 
(N or CO 2 ) to a temperature not exceeding 240^C it 
becomes red. If Iodine be added to Phosphorus molten in 
Carbonic Anhydride gas, the Phosphorus is changed into 
a red amorphous condition. A small quantity of Iodine 
accomplishes the conversion of an indefinitely large 
amount of Phosphorus. This is called Brodie’s process. 

(3) If Eed amorphous Phosphorus be dissolved in 
Molten Lead, it will separate in small Bhombohedral 
crystals when the mass cools. The crystals can be isolated 
by dissolving away the Lead by means of dilute Nitric Acid. 
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(4) The following table will exhibit the difference 
between yellow and red Phosphorus : — 


YcUow Phosphorus. 

lied Phosphorus. 

Crystalli^ie. 

Amorjjhous. 

Characteristic Odour. 

Odourless. 

Phosphorescent. 

Not Phosphorescent. 

Readily fusible. 

Infusible. 

Density, 1*8. 

2-1-1. 

Soluble in CS 2 . 

Insoluble in CS2. 

Readily Oxidised, 

Not so readily Oxidised. 

Oxidised by HKOs. 

Not Oxidised by IlNOa. 

Poisonous 

{ 

Not Poisonous. 


(5) If Red Phosphorus be heated beyond 240° C it iq 
converted again to the Crystalline variety 

7 — Matches, 

narv Matches are tipped witli a mixture of ordi- 

nary Phosphorus and Potassium Chlorate. 

Matches are tipped with a mixture of Potaq 

TW Mamtd powdered Glass, 

mllamed by friction on a paper on the box This 

8 — MolccvHar weight. 

The “ 'Cle tonUs Phosphorus is anomalous. 

having a reMv"^lor3L^ ^“^ Phosphorus, each 
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Compound of Pliosphorus and 

Hydrogen, 

Phospliuretted Hydrogen, PH3. 

\-^Prepara turn. 

(1) By boilin" Phosphorus iu a solution of Potassium 
Hydrate. 

4 P + 3H2O + 3 KHO = SKPH^O^ + PH3, 

(2) By treating Calcium Phosphide with dilute Hydro- 
chloric Acid. 

CaP„ -h 6HCl = 3 CaCL -1- 2PH3. 

(3) By heating Hypophosphorous Acid. 

2HPH.O3 =PH^^, + HjPO,. 

(4-) By heating Phosphorous Acid. 

4H3PO3 = PH3 + 3H3 PO,. 

2 — Physical Properties. 

A colourless gas with alliaceous (like onions) odour. 

3 — Chemical Properties. 

(1) Chlorine, Bromine, and Iodine decompose it. 

PH3 -1- 31 . = PI3 + 3 HL 

(2) Bums in Oxygen. 

PH3 -f 202 = H2P0,. 

When Phosphuretted Hydrogen is delivered through 
Water, the hubbies inflame spontaneously when they come 
in contact with air. 

(3) If tlie gas be passed through a Cupric Salt in 
solution. Cupric Phosphide is precipitated, 

2PH3 -h 3 CuSO, = CU3P2 + 3H2SO,. 

(4) The gas precipitates Silver from Silver Nitrate. 
PH3 + SAgNOj + 4H,0 = H3P04 -h 8HNO3 + 8Ag 







Compounds of Phosphorus with the 

Halogens. 

Phosphorous Chloride, PCI,. 
Phosphoric Chloride, PCI,. 


1 —Prepara lion. 

Passing Chlorine over Phosplioriis. 

2 P + SClj = 2PCI3. 

2 — Properties. 

(1) A yellow or almost colourless liquid. 

( 2 ) It combines with a molecule of Chlorine, formim’ 

Phosphoric Chloride. ° 

PCI3 + CL = PCI,. 

(3) Both these Chlorides are decomposed bv Water 

VCl, + 3 HjO = H3PO3 + 3 Ha 
PCI3 + 4 HjO = H3PO,, + 5 HCL 

1,1 Chloride is in excess of the Water an Oxy- 

chloride is formed. ^ 


PCI 


5 + H^O = 2HC1 + POCI 3 . 

Chloride combines with Phosphoric 


3PC1, + P^O, = 5 POCI 3 . 


The Bromides and Iodides of 

Phosphorus. 

formed by adding Bromine or Iodine 



209 


Compounds of Phospliorus with 

Oxygen. 


Anhydrides. 


Acids. 


P2O3 Phosplioins Anliydrido HPIl^O^ Ilypophospborous Acid 
P2O5 Phosphoric Anhydride H3PO3 Phosphorous Acid 

H3PO4 Phosphoric Acid 

Hypophosphorous Acid, HPEjO^. 

1 — Preparatimi. 

P ^ I^tosphorus be boiled in Calcic Hydrate, a solution 
of Calcium Hypophospbite, Ca(PH,0,),, is obtained. 

It this be treated with Sulphuric Acid, Calcium Sul- 
Acid leaving a solution of Jlypophosjiliorous 

Properties. 

tbroo^f -^ll^ough its molecule contains 

^y^!;ogen, yet the Acid is monobasic. It 

SidK AcTd" 

2H,SO, + 2HPH,0, =2H,PO, + SO, + 2H,0 + S. 

Phosphorous Anhydride, P.Oa. 

tion ‘‘i PO'vder produced by the slow oxida- 

tion of Phosphorus m a limited supply of air. 

Phosphorous Acid. 

— ^'^^aration, 

(1) By the action of the Anhydride on Water 
BjO, + 3H,0 = 2H,PO,. 
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(2) By decomposing Phosphorous Cliloride. 

SHgO + PCI 3 =H3P03 + 3HC1. 

2 — Properties. 

A powerful reducing agent. "Wlien Iieatcd, it breaks 
up into Phosphoric Acid and Phosphuretted Hydrogen. 


Phosphoric Anhydride, P.Oi. 

1 — Preparation. 

(1) By burning Phosphorus in Air or in Oxygen. 

4P + 502 = 2P20,. 

A white powder which combines with Water with 
great avidity iu three distinct proportions. 

+ H20 = 2 HP 03 = Metaphosphoric Acid. 

^ 2^6 + SHjO = HjPjO^ = Pyrophosphoric Acid. 
^2^5 + 3 H 2 O = 2H3P0^ = Orthophosphoric Acid. 
These are three quite distinct Acids with different 
poperties, and not the same Acid in three stages of 
hydration. The following table will show these differences : 


Pyrophosphoric 

Orthophosphoric 


Acids. 

Distinetivo Tests. 

1 

Metaphospboric 

White ppt with AgNO j 1 Coagulates Albumen 


White ppt with AgNOs 
Yellow ppt with AgXOs 


Docs not coagulate Albumen 
Docs not coagulate Albumen 


Orthophosphoric Acid, HaPO.. 

1 — P reparation. 

(1) By boiling the Anhydride in Water 

P2O3 -p SHjO = 2H3PO . 

(2) By boiling Phospliorus in Nitric Acid. 

6P + IOHNO3 + 4H2O = 6H3PO, + lONO. 
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(3} By tlie action of Water on Phosphoric Chloride. 
PCI5 + 4H2O = H3PO, + 5HC1. 

(4) By passing a stream of Sulplnirettcd Hydro-^en 
through Lead Phosphate suspended in Water. 

Pb32PO,, + 3H,S = 31>bS + 2HJ>04. 

2 — Properties. 

heated to about 200*^0, it loses one molecule of 
Water, forming Pyrophosphoric Acid. 

ITT i. '' raised to red lieat, it loses two molecules of 
Water, becoming a molecule of l^letaphosphoric Acid As 

this body has a glassy appearance, it is called Glacial 
i^hosphoric Acid. 


S—Derivativcs of Calcic Phosphate 

PhosShatfs"'"''" Ca^SPO,, is the source of 

hvHrl'i? •“ T*’’'' S“lP>>u™ Acid the Calcic Tetra- 

hydric Phosphate is obtained. 

=CaH..2PO, + 2CaSO,. 

Water ^ lieated, it loses two molecules of 


CaH,2PO^ =Ca2PO., + 2H.O. 

+1... r 11 • Ca32PO be treated with Sodium Carbonate 

reaction takes place '-aroonate, 

™ 4 ■*'/^=C03=CaHP0, +Ka.HPO, +CO3 + H O 

cules^o^f Wa°ttl“J''°®^t’‘?p out with 12 mole- 

cuies ot Water of c^stall.sation, Na.HPO,, I2H3O. 

Phosihlte fs obS Trisodium 

•'‘.aro.. - 

— Nn P O I XT f\ 
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passed through the precipitate in suspension, Pyrophos- 
phoric Acid is obtained. 

IS^a^P^O, + 2 Pb 2 N 03 '==Pb 2 P 207 + 4NaN03. 

PbgPsO^ + = + 2P1)S. 

(8) If to the common Sodium Phosphate, NagHPO^, 
dissolved in hot water, Ammonium Chloiide, (NH^JCl, be 
added, Microcosmic Salt crystallises out on cooling. The 
proportion in which the Ammonium Chloride should be 
added to tl)e Sodium 1‘hosphate can be calculated from the 
molecular weights. The proportion is about one gramme of 
the Chloride to six grammes of the Phosphate. 

Na^HPO^ + NH^Cl^KaNH^HPO, + NaCl. 

(9) If Microcosmic Salt be heated, Sodium Metaphos- 
phate is produced, Steam and Ammonia passing off. 

NaNH.HPO, =NaP03 + NH3 + H^O. 

(^0) if this Sodium Metaphosphate he treated with a 

^ad or Silver Salt, followed up by a stream of Sulphuretted 

Hydrogen, Metapbosphoric Acid will be produced in 
solution. 

NaP 03 + AgNOa = AgP 03 + NaNOj. 

2AgP03 + HgS = 2HPO2 + AgjS. 

4 Tests/or 0 rthopJiospJiaics. 

(1) All insoluble except the Phosphates of the Alkalis, 

(2) A yellow precipitate with Silver Nitrate, soluble 
m Ammonia. 

^ ^ (3) Ammonium Molybdate dissolved in Nitric Acid 
pves a yellow coloration, and, on heating, a yellow precipi- 


p, - Magnesium Salts in the presence of Ammonium 
CUonde give a white cr 3 ’^stalline precipitate of Ammonio- 
Magnesium Phosphate. 
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Boron B, 11. 

1 — Sources. 

Boric Acid, H3BO3, found in Tuscany, and as an Acid 
Borate in Tincal which is found in Thibet. Borax is 
found in California. 

2 — Preparation. 

(1) By igniting Boric Anhydride with Sodium. 

B 2 O 3 + 3Na2 = aNa^O + 

(2) By passing Boric Chloride over Potassium. 

2BCI3 + = GKCl + B^. 

a — Physical Propertus. 

A brownish amorphous powder, odourless and taste- 
less» insoluble in Water. 

4 — AUotropic Modification. Diamond Boron. 

If Boric Anhydride is heated with a metal, such 
as Sodium, which does not dissolve tlie Boron which is 
produced, an amorphous variety of Boroji is the product of 
the reaction. But, if Boric Anhydride be fused with a 
metal, such as Aluminium, which dissolves Boron, crystals 
of Boron, almost comparable to the Diamond, crystallise in 
the Aluminium. 

The Aluminium can be removed by Hydrochloric 
Acid, which is without action on these crystals. 

5 — Physical Properties of Crystalline Boron. 

Brilliant crystals of the First system. Density, 2-69. 
Very hard. Can scratch Corundum. Befractive power 
almost equal to Diamond. Infusible even in Oxyhydrogen 
blow-pipe flame. 

C Chemical Properties of Amoiphous Boron. 

(1) -A. gaseous compound with Hydrogen, probably 
BH3, has been discovered. 

(2) Combines directly with Chlorine and Bromine. 
Whether with Iodine is doubtful. 

(3) Burns in Oxygen and in Sulphur. 

2B2 + 3O2 = 2B2O3. 

B^ + S3 = B2S3. 
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(4) It combines directly with Nitrogen at red heat. 

2B + = 2BN. 

(5) If raised to red heat it burns in Nitric Oxide. 

lOB + 6NO = 2B2O., + OBN. 

(6) Deoxidises Nitric Acid. 

B2 + 6HNO3 = 2H3B03 + GNO2. 

(7) Deoxidises Sulphuric Acid. 

Bj + 3H2SO4 =2H3B03 + SSOj. 

(8) Decomposes Alkaline Carbonates. 

Bj + 3Na2C03 = 2Na3B03 + SCO. 

7 — Chemical Properties of Crystalline Boron. 

(1) With great difficulty, and only at the highest 
temperatures, does it burn in O.sygcii. 

(2) Burns in Chlorine. 

(3) Acids have no action upon it. 

(4) Hydrogen Potassium Sulphate acts upon it form- 
ing Boric Anhydride. 

Bj + 6KHSO^ = B2O3 + 3K2SO, + 3H2O + 3SO2. 

8 — Atomic weight of Boron. 

(1) In the molecule of the gaseous compounds BCI3, 
BBrj, and HBF^, the lowest weight of Boron found is 11 
units. 

(2) Davy found by analysis that lOO parts of Boric 
Anhydride contained 32 of Boron and GS of Oxygen. 

The amount of Boron which combines with 8 of 
Oxygen, which is the equivalent of 1 of Hydrogen, is there- 
fore found by the following proportion : — 

68 : 32 :: 8 : 3-7. 

(3) By Dulong and Petit’s law the atomic weight of 
Boron is found to be 1.3. 

(4) The result finally arrived at, especially from a 

consideration of the vapour densities of the Chlorides and 
Bromides, is that the Atomic weight is 11, and that Boron 
is a triad. Tor we see that 11 37 = 3 nearly. 




221 


Boric Chloride, BCI3. 

\-^Preparation. 

(1) By direct union of the elements. 

(2) ^By the action of Chlorine gas upon a mixture of 
Boric Anhydride and Carbon. 

B2O3 + 3C + 3CI2 = SCO + 2BCI3. 

2 — Properties. 

A liquid. Its vapour density is 4 0G5. 

It is decomposed by "Water. 

BCI3 -f SHgO = H3BO7+ 3HC1. 

Boric Bromide is similarly obtained and has similar 
properties. 


Boric Fluoride, BP3. 

1 — Prepa ration. 

(1) By heating Calcium Fluoride with Boric Anhy- 
dride. 

2B2O3 + SCaFj =Ca3-2B03 -p 2BF3. 

(2) By lieating Boric Anhydride with Calcium Fluoride 
and Sulphuric Acid. 

iiB,03 + SCaF. + SH^SO, = 2BF3+3CaS0,-h3H20. 

2 — Properties. 

A colourless gas witli suffocating odour. Density, 

2'312C. Decomposed by Water, forming Hydrofluoboric 
Acid. 

4BF3 + SH^O = 3HBF, -H H3BO3, 

Compounds of Boron and Oxygen. 

Boric Anhydride, B3O3. 

1 — Preparation. 

(1) By burning Amorphous Boron in Oxveren 

(2) B}" Calcining Boric Acid. ^ 

2H3BO3 =Bj03 + 3 HjO. 





2^Physical Properties. 

Colourless vitreous, solid. Fusible and volatile at a 
very high temperature. 

3 — Chemical Properties. 

(1) With AVater it forms Boric Acid. 

(2) Tf left exposed to moist air it is transformed into 
Tetraboric Acid. 

HjO + 2B2O3 

(3) It dissolves in -warm Alkaline solutions. 

(4) When heated with Potassium Carbonate, Potassium 
Borate is formed. 

3K2CO3 + B3O3 = 3CO2 + 2K3BO3. 

(5) It dissolves the Oxides of many metals, yielding 
characteristic colours. 

Cobalt or Copper - yields a blue colour 
Iron or Nickel - „ red „ 

Manganese - „ violet „ 

Chromium - „ green „ 


Boric Acid, H3BO3. 

1 — Source. 

The evaporation of natural waters of the Lagoni in 
Tuscany. 

2^Prepa ra tion. 

(1) By Hydrating the Anhydride. 

(2) By treating a hot solution of Borax with Hvdro- 
chloiic Acid. 

Na,B,0, + 2HC1 + 5H,0 = 2NaCl + 4H3BO3. 

Boric Acid. 

The Boric Acid crystallises out on coolin". 

3 — Physical Properties. 

RPjivf’ shining nacreous 

scales. Soluble in Water, and very soluble in alcohol 
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4 — Chemical Properties. 

Feebly acid. 

(IJ At 100®C it loacs a molecule of Water, and is 
converted into Metaboric Acid, HBOg. 

H3BO., = HIIO2 + H2O. 

(2) Metallic Oxides and Carbonates act on the Acid in 
the same way as upon the .Anhydride. 

5 — Tests for Borates. 

(1) Nearly all Borates except Alkaline Borates are 
insoluble. 

(2) Dissolved in alcohol and ignited, a green colour is 
imparted to flame. 

(3) Treated with Hydrochloric Acid they cause moist 
turmeric paper to become red when it dries. 


The Carbon Group. Carbon and 

Silicon. 

^ These elements agree in being both tetrads. Each 
exists in three conditions— the Amorphous, the Graphitoidal, 
and the Adamantine varieties. 


Carbon, C"", 12. 

1 — Sources. 

essential element in organic nature. 

What Carbon is to organised bodies Silicon is to the earth’s 
crust. 

2 — Varieties of Carljou. • 

Q 
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Carbon. 


(A) Crystalline. 


Vecjetable 

O 


(B) Amorphous 


1 — Diamond. 

2 — Graphite, Flurabago, Black-lead. 

1 . AVood Char- 
coal 

2. Coke 

3. Lamp Black 
from Vege- 
table Oils 

1. ]5one Black 

2. Lamp Black 
from Animal 
Oils & Fats 


Artificial J 


Animal 


'i^^atural 


Anthracite 
Coal 
Lignite 
Peat 
Jet 


(1) — Diamond. Octohedral Crystals. Hai'dest body 
known. Density, 3*5. Kon-conductor of heat and elec- 
tricity. In a strong electric current it is converted into 
black Carbon. It burns in Oxygen forming Carbon Dioxide. 

(2) — Graphite, Plumbago, or Black-lead. Prepared 
artificially by saturating molten iron with Carbon. 
Graphite crystallises out. It crystallises in he.xagonal 
plates. It is a good conductor of heat and electricity. 
Treated with Nitric Acid and Potassic Chlorate, Grapliitic 
Acid, CH 4 O 5 , is formed. 

(3) — Charcoal. Prepared by the destructive distillation 
of Wood. Very porous. Bad conductor of heat and of 
electricity. Absorbs gases. An active deodoriser and 
disinfectant. 
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(4) — Coke is forme J by the destructive distillation of 
Coal. 

(j) — Lamp Black is the sooty deposit of flames. It 
may be auimal, vegetable, or mineral, according as animal, 
vegetable or mineral oils undergo combustion. 

(6) — Bone Black is prepared from bones as Charcoal 
and Coke are prepared from wood and coal. It contains 
much Calcium Phosphate. It is a powerful decolouriscr. 

(7) — Anthracite Coal, Lignite, and Peat are vegetable 
matter in different stages of carbonisation. Anthracite 
contains the highest percentage of Carbon and Peat the 
lowest. In the passage from Peat to Anthracite there is a 
gradual decrease in the percentage of Oxygen and of 
Hydrogen, and a corresponding increase in the percentage 
of Carbon. 

(8) — Carbon is infusible and insoluble in all liquids. 

4 — Chemical Properties. 

(1) When an electric arc is made in an atmosplicro of 
Hydrogen, Acetylene, C.H., is formed. 

(2) Burns in O.xygcn, forming Carbon Oioxide, or if 
the supply of Oxygen is limited, Carbon Monoxide. 

(3) If Sulphur vapour be passed over Charcoal, a 
heavy oily liquid, Carbon T)isulphidc, is produced. 

C + = CS.^. 

(4) It decomposes steam at low red heat, forming CO., , 
and at a liigher temperature forming CO. 

(5) It decomposes Sulphuric Acid. 

c + = CO2 + 2H2O + 2SO2. 

(0) It reduces Metallic Oxides, c.j., 

CuO + C = CO + Cu. 

(0 Nitrates and Chlorates deflagi'ate on Charcoal. 
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Compounds of Carbon witb 

Hydrogen. 

Methyl Hydride CH^. 

Acetylene CgHj. 

Ethene CgH,,. 

Methyl Hydride, CH^. 

1 — Preparation. 

(1) By lieatincj Sodic Acetate with Sodic Hydrate. 
NaC2H.,02 + NaHO = Na2C03 + CH,. 

(2) B)" passing a mixture of the vapoixrs of Carbon 
Disulphide and Sulphuretted Hydrogen over red hot 
Copper turiiings- 

SCii + 2H2S + CS„ = CH, + 4CU2S. 

2 — Physical Properties. 

A colourless gas. Found in Coal Clines (Fire-damp), 
and stagnant "Water — called also Marsh Gas, and light 
Carburetted Hydrogen. Collected over Water. 

3 — Chemical Properties. 

(1) Burns in Oxygen with bluish flame. 

CH, + 2O2 = CO2 + 2H2O. 

(2) Combines with Chlorine, iormiug JMcthylic Chlo- 
ride. 

CH, + CI2 = HC1 + CH3CI. 

4 — Proof of Composition. 

If 100 volumes of Marsh Gas be exploded in a Eudio- 
meter, with 300 of Oxygen, there will remain after the 
explosion 200 volumes of gas. Of these 200 volumes, 100 
volumes are absorbed by Potassium Hydrate. Therefore. 
100 volumes are Carbonic Acid. The remaining 100 are 
found to be Oxygen. 

How% 100 volumes of Carbonic Acid contain 100 
volumes of Oxygen. 
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Therefore, another 100 volumes of Oxygen have com- 
bined with Hydrogen. The amount of this Hydrogen 
must be 200 volumes. 

100 vols. of Marsh Gas contain 200 vols. of Hydrogen 
and . ■ . 2 vols. ,, contain d vols. of Hyilrogen 

. * . 22.4 litres of Marsh Gas weighing IG grainnic.s 
contain dl’S litre.s of Hydrogen weighing 4 grammes 

Therefore the Carbon in 22-4 litres weighs 12 grammes, 
which is tlie relative weight of the atom of Carbon. The 
formula, is, therefore, CH 


Acetylene, C,H,. 

This body is found when the clcctiic arc is made 
between Carbon terminals in Hydrogen. Carbon com- 
bines directly with the Hydrogen. 

Co + H^ = CoH.,. 


Ethene, C,H,. 

I’^i^reparation. 

By the action of Sulpliui ic Acid on Alcohol 

+ H ” - 


jPO, = + II, SO^, H,0. 


2 — Physical Properties. 

A colourless gas with ethereal odour. Scarcely .soluble 

Called also Olefiant 0 as, and 
Heavy Carburetted Hydrogen, 

3 — Chemical Properties. 

(1) Burns in air with a luminous flame 

Tf • + 2H,b. 

tbo.mi; ® luminous ingredient in Coal Gas. 

though forming only about 5 per cent of it. 

7bp Tlf I'm application of a lighted taper 

the following reaction takes place : — 

CjH., + 2C1, = 4HC1 + C,. 
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(3) It' equal volumes of Chlorine and Etlieiic he 
exposed to li^ht, a heavy oily liquid is formed, having the 
composition, Dutch Li<[uid. 

4 — Proof of Comjyodtion. 

After exploding 100 vols of tliis gas with 400 of 
Oxygen, 300 vols. of gas lemain. 

Potassium Hydrate absorbs 200 volumes of the 300 
volumes. Therefore 200 volumes are Carbonic Acid. The 
remaining 100 volumes arc Oxygen. Now, 200 volumes 
of Carbonic Acid contain 200 volumes of Oxygen. There- 
fore, 100 volumes of Oxygen have combined with 200 
volumes of Hydiogen. Hence 100 volumes of this gas 
contain 200 volume.s of Hydrogen, or 1 volume of Ethcne 
contains 2 volumes of Hydrogen. 

Now, 22-4 litres of Ethono weigh 23 grainme.s 
and 44’S litres of Hydrogen weigh 4 grammes 

Therefore, the Carbon weighs 24 grammo.s, 

■which is twice the relative weight of the atom of Carbon. 
Therefore, two atoms of Carbon arc united to 4 atoms of 
Hydrogen to form the molecule (2 voUuiu-s} of Elbcne. 
Hence the formula is CjH.,. 

Compounds with Oxygen. 

Carbonic Anhydride COj. 

Carbonic Oxide CO.* 

Carbonic Anhydride, CO^. 

1 — Sources. 

Found in the atmosphere. A constant product of 
decomposition,^ respiration, fermentation, and ordinary 
combustion, hound in many mineral waters. 

2 — Preparation. 

(1) By burning Carbon in Oxygen. 

t2) By the action of Acids on Carbonates. 

CaCO, + = CaSO, + H^O + CO,. 
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3 — Physical Pt'OiKriics. 

A colourless gas, giving a feebly acid .arjiieous snliition. 
Its density, 1’58. Collected over "NVater, or by downwaid 
displacement. It can be licpufied at 0'^' under a pressuie 
of 3G atmospheres. If, then, a portion of the litjnid is 
allowed to evaporate, a portion always solidifies owing to 
the great quantity of lieat rendered latent in the evapora- 
tion. In this liquid state it exhibits no acid properties. 

4 — Chemical Properties. 

(1) Potassium and Magnesium burn in it. These 
metals are oxidised, Carbon falling in sooty Hakes. 

2Mg -h CO, = 2MgO -p C. 

(2) It combines with Lime Water forming Chalk. 

CaHjO., 4- COj = CaCO.T -h H,0. 

5 — Proof of Composition. 

(1) Carbon burns in any volume of Oxygon forming 
the same volume of Carbonic Anhydride. 

Thus any volume of Carbouic Anhydride contains its 
own volume of Oxygen. 

Now 22-4 litres of COj weigh 44 grammes, 
and 22*4 litres of O, weigh 32 grammes, 


therefore the Carbon must weigh 12 grammes. 

(2) If Oxygen be passed over a known weight of 
Carbon, and the Carbouic Anhydride produced be collected 
in Potash tubes, the increase of weight of the Potash tubes 
will be the weight of the Carbonic Acid produced. The 
loss of weight of the Carbon taken will be the amount of 
Carbon m this Carbonic Anhydride. The difference 
between these two u-eights is the weight of the Oxygen 
bo we know the weight of Oxygen and of Carbon in any 
given weight of Carbonic Anhydride. 

^ — Tests for Carlonaics. 


of ’"'ater except^ the Carbonates 

> > 4 • 
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(2) Tliey effervesce and evolve Carbon Dioxide on the 
addition of an Acid. The gas evolved turns Lime Water 
milky. 


Carbonic Oxide, CO. 


. 1 — Preparation. 

(1) By burning Carbon in a quantity of Oxygen in- 
sufficient for complete combustion. 

(2) By passing Carbon Dioxide over Carbon at a high 
temperature. 

CO, + C = 2CO. 

(3) By passing Carbon Dioxide over lieated iron 
filings. 


400, 4- Fe, ^FgjO., 4- 4C0, 

(4) By dehydrating Formic Acid by H„SO.. 

H,SO, 4- H„CO, = CO 4- H^SO'. H„0. 

Formic Acid. 

(5) By dehydrating Oxalic Acid and passing the 
mixed gaseous products through Lime Water, which 
absorbs the COg. 

= CO 4- C0„ 4- H..SO,, H.O. 

^ (6) By heating Potassium FeiTocyanide K.FeTCN). 
■with concentrated Sulphuric Acid, 

2 — Physical Properties. 

A colourless gas. Poisonous, 
lected over Water. 

Properties. 

, directly with Chlorine, forming Car- 
bonyl Chlorine. ® 


Density, *9691. Col- 


.ox T.. + CL =COCL. 

(2) It burns in Air or Oxygen. 

Tf * - ^ 

[6) It IS an important deoxidising agent in Metalliirgy. 
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4 — Proof of Composition . 

It combines with hall’ its volume of Oxygen, yielding 
its own volume of Carbonic Anhydride. 

2CO + 0., = 2C0,. 

2 vols. + 1 vol, = 2 vols. 

Kow Carbonic Anhydride contains its own volume of 
Oxygen, therefore Carbonic Oxide must contain half its 
own volume of Oxygen. 

Hence if the fornuda for Carbonic Anhydride is COo, 
the formula for Carbonic Oxide must be CO. 


Carbon Disulphide, CS-. 

1 — P reparation. 

By passing Sulphur vapour over red hot Charcoal. 

C 4- S2 = CSj. 

2 — Physical Propertia-. 

A colourless mobile liquid with strong, unpleasant 
odour. Extremely volatile, producing great cold by 
evaporation. Dissolves IMmsphorus, Caoutchouc, Sulphur. 
^—‘Chemical Properties. 

(1) Bums in air. 

CS2 + 30. = COj 4- 2S0.. 

(-) Yields Sulpho-carbonates when treated with 
Hydrates. 

UKHO + 3CS„ = 3H,0 + 1C„C0,, + 2K,,CS3. 






^ ^ buicon, SY 

i^bourccs^ 

Quartz, Flint, Sinter. 

2 — Preparation. 

Sodium. tte vapour of SUicon Chloride ovei 

m = 4NaCl + Si. 

sium.'^ ^ ® Potassium Silioofluoride with Potas- 

K,SlF„ + 2K„ = CKF + Si. 
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3 — Physical Properties. 

Exists in three allotropic forms. Amorphous, Graphi- 
toidal, and Aclamaiitiue. 

(1) Amorphous. Prepared as above. Silicon is a 
brown amorphous powder, wiiich conducts heat and elec- 
tricity badly. It readily burns in air or Oxygon, forming 
SiO,. 

(2) Graphitoidal. If Amorphous Silicon be fused in 
Aluminium, or if I*otassium Silicofluoride be heated to 
1100*^0 with Aluminium, and tlie product lieated withITCl, 
the Aluminium is dissolved out and Silicon is loft in 
shining hexagonal scales, which may be compared to 
grapliite. Graphitoidal Silicon is a good conductor ot 
heat and of electricity. 

fS) Adamantine. If Aluminium be heatc<l strongly 
in a current of Silicon Cliloride, Aluminium Chloride is 
formed, and immediately volatilises, leaving Adamantine 
Silicon. The crystals arc octohedral, and of an iron grey 
colour. Tliey are not nearly so hard as the crystalline 
Boron and Carbon, 

4 — Chemical Properties. 

(1) Combines directly with Chlorine, forming SiCl ,. 

(2) Burns in Oxygen forming SiO.^. 

(3) Boiled in Potassic Myclrate, it yields Potassium 
Silicate. 

4K:H0 + Si = 2H., H- K.SiO,. 

(4) Is dissolved by Hydrofluoric Acid. 

Si + GHF = H2SiF« + 2H.,. 

(5) Graphitoidal and Adamantine Silicon are attacked 
by a mixture of Nitric and Hydrofluoric Acids. 

Silicon Hydride, SiH,. 

1 — Preparation. 

Acid^^ Silicide with Hydrochloric 

MgaSi -h 4HC1 = 2MgCU -p SiH^. 
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2 — Properties. 

A colourless transparent gas. In tlic presence ot 
Hydrogen it burns in air. 

Sill, + 20. = SiOj + 2H,0. 

Compounds of Silicon with the 



Silicon Chloride SiCl.,. 

Silicon Chloroform SiHCl,,. 

Silicon Ihomide SiBr,. 

Silicon Iodide Sil.,. 

Silicon riuoride SiF , . 

1 — Silicon Chloride. 


SiO. + C + 2 CI 2 = SiCl, + CO 2 . 

A coloxudess, volatile, fuming liquid, readily decom- 
posed by Water. 

SiCl, + +H,0 = -IHCl + n.SiO,. 

2 — Silicon Chloroform. 

Prepared by heating crystalline Silicon in Hydrochlo- 
ric gas. 

Si + 3HC1 = SiHCl, + H,. 

A colourless, volatile liquid. Iteadily transformed by 
Chlorine into SiCl,,, and by Bromine into SiBrClj. 

3 — Silicon Bromide. Preparation. 

SiO, + c + 2111-2 = SiBr., + CO. 2 . 
Analogous to Silicon Anhydride. 

4 — Silicon Iodide. 

Prepared by passing Iodine Vapour with Carbonic 
Anhydride over heated Silicon. Silicon Iodide not bein" 
very stable it must be distilled in some such inert <^as as 
Carbonic Anhydride. ® 

5 Silicon Fluoride. (1) Preparation. 

By heating together a mixture of Sand, Calcium Fluo- 
ride and Sulphuric Acid. 

SiOj + 2CaF,, + 2H„S0, = 2CaS0, -p 2 H 2 O + SiF, 
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(2) Excess of Sulphuric Acid is always employed in 
order that the Water produced in the reaction may be 
retained, and so prevented from decomposing the Silicon 

Fluoride. _ 

3SiF, + 4H20=H,Si0, + 2H„SiF,. 

Silicon Fluoride is, therefore, collected over Mercury. 
Silicon Fluoride has no action on glass. 


Hydrofluosilicic Acid, HaSiFc- 

Preparation. 

AVhen Silicon Fluoride is allowed to pass into Water 
through Mercury, Silica is precipitated, and Hydrofluosilicic 
Acid remains in solution. Its Potassium Salt is used for 
the preparation of Silicon. 

Compounds of Silicon with 

Oxygen. 

Silicic Anhydride SiOj. 

Silicic Acid H,SiO, = SiO. + 2H„0. 

Metasilicic Acid H^SiOa = SiOj + HaO. 

Silicic Anhydride, SiOj. 

1 — Sources. 

Quartz, Flint, Sand. 

^^Preparation. 

By burning Silicon in Oxygen. 

Silicic Acid, HiSiO.. 

l—Prejya ration. 

From Flint, &c. — (A) Quartz, Flint, or Sand is fused 
with Soda. 

+ SiOa = Na^SiO^. 
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(B) Sodic Silicate is treated %vitli HCl. 

Na,SiO,, + 41IC1 = H,SiO, + 4NaCl. 

Silicic Acid remains partly in solution and partly pre- 
cipitated. 

(2) From soluble Silicates by passing a current of 
Carbonic Anbydride through their solutions. 

Na,SiO, 4- tH.,0 4- 4L’0^ = II,SiO, + dXalirO,. 

Metasilicic Acid, H.SiOs. 

Prepared by evaporating in vacuo Silicic Acid, it 
loses one molecule of Water. 

Tests for Silicates. 

(1) All Silicates, except Silicates of the Allcnlis, are 
insoluble. 

(2) Soluble Silicates give a white gelatinous precipi- 
tate with Hydrochloric Acid. 

I 

Atomic weight of Silicon. 

(1) It is found that 100 grammes of Silicon combine 
with 114 3 grammes of Oxygen to form SiO^. The (juantity 
of Silicon that is combined with 32 of O.xygen is there- 
fore 28. 

(2) If we subtract the weight of four atoms of Hydro- 
gen, Chlorine, Bromine, or Fluorine from the weight of 
22‘4 litres of each of the Halogen compounds of Silicon, 
the remainder in each case will be 28. The least weight 
of Silicon found in any of its compounds is 28 parts, there- 
fore 28 is taken to be the atomic weight of Silicon. 




Questions. 



Prudais quccstio quasi dimidium scicntia:. 
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1- — What are the elements in Clay, Chalk, Flint, 
Dolomite ? 

2. — Contrast the results of heating Magnesium 
ribbon and Platinum wire respectively in Air. 

3. — How does Brass differ from Copper ? Is Brass 
a Chemical Comj^ound ? 

4. — Sulphuric Acid turns blue litmus red, and Potas- 
sium Hydrate turns red litmus blue ; and it is only when 
they are mixed in one definite and constant proportion 
that ^ve obtain a body that effects neither. AVhy is this ? 

5. — Given finely powdered Sulphur and finely divided 
Copper. Shew the difference between Chemical combina- 
tion and mechanical mixture. 

6. — Give an example of Chemical combination when 
both bodies are solid. 

4 

7. — Describe experiments shewing that change in 
colour, odour, and phj'sical state accompany Chemical 
action. 

8. — Can every element unite with every other 
element ? 

9. — Explain how cohesion agrees with and differs 
from Chemical combination. 

10. — When common Salt is dissolved in pure water 
does any Chemical change take place ? How can the Salt 
be recovered ? 

11. — When “ Sherbet ” is dissolved in water Chemical 
action ensues. How does water act in this case. Can the 
“ Sherbet ” be recovered ? 

12. — What becomes of a candle when it is burnt ? 
Wliat has become of a ton of coal when it has burnt away ? 

13. — What practical applications do you know of the 
effects of light in promoting Chemical change ? 


14. — A i^iece of riiospliorus, not is ]ni( (1) 

into Oxygen, (2) into Clilorino. Wlial is oljserved ? AVIiy 
is it necessary to ligljt a fire ? 

15. — After a fire is liglited wliy does it coniinue to 
burn ? 

IG. — Tf a piece of cold Copper is placed in a flame 
the flame does not touch it. Why ? 

17. — A can of Coffee can be boiled in a liea}) of (piick 
lime being slaked. Exnlain. 

18. — When gas was first introduced into lionsos, 
nervous people insisted on having tlie ])ij)es fixed well 
away from wood-work. Why was tliis an unnecessary 
precaution ? 

19. — Why does a mixture of gas and air explode 
instead of burning quietly? Why does llie gas at a jet 
burn quietly ? 

20. — The dust-Iadeu air of flour-mills has been known 
to explode. Explain this. 

21. — What precautions are taken to avoid explosions 
in mines? 

22. — How is it proved that the Thermal change that 
accompanies Chemical action is definite in amount ? 

23. — Give two examples of each of the '* Modes of 
Chemical Action,” stating the conditions of the experiment. 

24. — Ammonia Gas and Air are separately shaken up 
over water. Contrast the results. 

25. — AVben Mercuric Oxide is heated, it turns black 
Is this a Chemical change. Explain. 

26. — What experiments shew that in Chemical action 
no matter is lost? Is energy gained or lost ? 

27. — Describe experiments shewing that Ph^’^sical 
State modifies Chemical change. 
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28. AVhat takss place when Mercury is heated nearly 
to its boiling point? What takes place when the tem- 
perature is further increased beyond the boiling point ? 

29. — Describe an experiment shewing combustion in 
the nascent state. 

30. — Give some instances of Catalytic action. 

31. — A ton of Caustic Soda from one manufacturer 
does work which requires 1-25 tons of Caustic Soda from 
another manufacturer to do. A\Tiat conclusion do you 
draw ? 


32. — From the percentage composition of the oxides 
of Copper, given on page 9, shew how the Law of Multiple 
Proportion holds good, 

33. — Two compounds of Nitrogen have the following 
per ceutage composition : — 



N = 63*64 
0 = 36*36 




N = 36*84 
O = 63*16 



Find the percentage composition of the compound which 
is intermediate between them. 


34. — A magnet covered with iron filings is on from 
one end of balance, and duly counterpoised. The filings 
are heated. What changes take place ? 

35. — How is it shewn that one gas acts as a vacuum 
to another ? 

36. — What did Dalton assume when he said that the 
combining weight of Nitrogen was 4*67 ? 

37. — When we say the Atomic weight of Nitrogen is 
14, what is our unit ? 

38. — Distinguish between the terms Hypothesis, 
Theory, Law, and give an example of each. 

39. — What conclusion is deduced from the fact that 
all gases expand alike ? 
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40. — What facts are involved in c»ich of the following 
equatioxis : — 

H + O = no. 

Hg + 0 “ H..O. 

2H., + 0., = 21120. 

41. — Define the term “Jloleculc.” liow docs a mole* 
cnlc differ from an atom ? 

42. — A gas is 35'5 times heavier than Hydrogen, what 
is its molecular weight ? 

43. — A gas is 2'5 times heavier than air. Find its 
molecular weight. 

44. — A gas is half as heavy as air. Find its molecular 
weight. 

45. — The molecular weight of Oxygen is 32, find its 
density compared with air. 

46. — The molecular weight of Carbon Dioxide is 44. 
Find its density compared with air. 

47. — What experiments shew that equal weights of 
d^erent bodies have different capacities for heat? How 
did Dulong and Petit modify these experiments, and with 
what results ? 

48. — Define Specific heat, Atomic heat, and Molecular 

heat 


49. — The Specific heat of Magnesium is ‘25. Find its 
atomic weight. 

50. — The Atomic weight of Tiu is 118. Find its 
Specific heat. 

_ 51.— Expldn the terms Amorphous, Dimorphous, 

Polymorphous, Isomorphous, with examples. 

29. the two elements are 
^ ^ Peroxide in the ratio of 7 is to 16. Why is 

not 7 taken as the Atomic weight of Nitrogen ? ^ 
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53. — Describe experiments shewing how the equiva- 
lents of Lead and of Hagnesium are determined. Find 
their Specific heats in the table, deduce therefrom their 
Atomic weights, and then shew how these are related to 
the equivalents. 

S-i. — Why are the compounds in sec, 4, page 35 said 
to be characteristic 1 


55. — Define the terms Valency and Equivalent, and 
exemplify each. 


5G. — How do we know that the molecule of Mercury 
contains only one atom, while the molecule of Phosphorus 
contains four atoms ? 


57.— Write down the formula of the following com- 
pounds : — (1) Barium Iodide, (2) Lead Sulphide, (3) 
kannic Chloride, (4) Calcium Chlorate. (5) Sodium Car- 
bonate, (G) Copper Sulphate, (7) Lead Nitrate, (8) Barium 
Phosphate, (8) jSIanganese Chloride, (10) Magnesium 

Hydrate. 

53 — ^Write down the names of the bodies that have the 
following formulae : — 


MgCD 

CaCOg 

KI 

KCIO3 

CaO 

AgNOg 

AI0O3 

KHSO4 

PtCl4 

(NH4)2S0 


59. Give in words the meaning of the following 


equations : 

En + 2HC1 = ZnCl^ + 

2Hg + 02= 2HgO. 

NaoCOg + CaSO^ = CaC03+Na2S04. 
CaCO, = CaO + CO2. 



GO. — Define the following terms : — IJadicle, Oxide, 
Alkali, Acid, Anhydride, Basic Oxide, Salt, Hydrate. 

Gl. — What do you xinderstand hy the term Base ? Giv'e 
examples of some Bases. 

G2. — iind the weight ofoO litres uf Chlorine at 0®C and 
760mm. 

G3. — Find the volume of 10 grammes of Ammonia 
gas at 0°C and 7G0mm. 


— Find the W'eight of 10 litres of IMiosphorus 
Vapour at 0®C and TGOmm. 


G5.— Find the weight of GO litres of Nitric Oxide at 
0°C and 7G0mm. 

GG.— If 500 cc of gas be measured at lOT, what 
volume will the gas occupy at 25‘’U ? 


C7.— 500 litres of Oxygen are measured at IG^C. 
u hat >vili the gas measure and weigh at O^G ? 

litres of gas are measured at a pressure of 
loOmm. What will be the volume of the gas at TGOmin ? 

^9 “-^ litres of Oxygon are collected at a pressure of 
. /0mm. What wall the volume of the gas be at 7G0mm ? 

. 70.— If 50 litres of a gas he measured at 45«C and 
/50mm, what w’ill the gas occupy at O'^^C and TGO'^mm ? 

Oxygen are measured at 60‘=‘C and 
O^C^nd 7G0mm^ volume and weight of the Oxygen at 


72 . 


-Calculate the percentage composition of : 

Potassium Chlorate KCIO 

Nitric Acid ICNO ^ 

Lead Nitrate Pb2(NOA 

Calcium Sulphate CaSO^ 
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73. — Find formulae for bodies whicb have the following 

(2) Iron = 70-01 
Oxygen = 29*90 

100 . 


(4) Sodium = 32*79 
Aluminium = 13*02 
Fluorine = 54*19 


100 . 


74. — How many litres of Chlorine at 0®C and 760mni 
■will produce 5 grammes of Silver Chloride ? 

2Ag + CU =2AgCl. 

75. — Wliat weight of Oxygen is required to burn 10 
orammes of Sulphur Dioxide ? 

^ ^ S + 02 = S02. 

76 What volume of Carbonic Acid can be obtained 

by heating Chalk with 1 0 grammes of Hydrochloric Acid ? 

77. 15 litres of Hydrogen are exploded with 7 litres 

of Oxv^^en What are the products of combustion? 

2H2+02 = 2H20. 

78. How are the Metallic Elements classified to aid 

detection ? 

79. Write down a few of the Elements, and arrange 

them according to Valency. 

80. — Wliat are the Chemical differences between a 

Metal and a Hon-metal? 

81 Shew in what respects the so-called Metalloids 

partake of the character both of Metals and of Non-metals. 


percentage composition : — 

(1) Nitrogen = 82*35 
Hydrogen = 17'65 

100 . 


(3) Potassium = 28*73 
Hydrogen = *73 

Sulphur = 23*52 
Oxygen = 47*02 


100 . 
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82. — AVhat are the physical difierences between the 
Metals and the Non-metals? 

83. — Discuss the proper position of Hydrogen in 
classification of Elements, according to all their properties 
taken together, 

84. — Classii}^ the Non-metals, stating the general 
characters of each group. 

85. — Draw diagrams shewing the apparatus for pre- 
paring Oxygen, and by four distinct methods. 

8n. — What is meant by a crith ? 

87. — A litre of Oxygen is said to weigh IG criths. 
What do you mean by that? 

88. — Fiud, in terms of the crith, the weight of a litre 
of (1) Chlorine, (2) Uydrocliloric Acid, HCl. 

S9. — How many litres of Hydrogen can be obtained 
by the action of 4 grammes of I^fagnesium wire on dilute 
Sulphuric Acid ? 

90. — If 5 grammes of Tin are boiled in Hydrochloric 
Acid, what volume of Hydrogen is evolved ? 

Sn + 2H01 = SuCU + H.. 

— At wliat pressure and temperature does the 5 
grammes of Tin produce this volume of Hydrogen ? Sup- 
pose the temperature 15*^0, and the pressure 75()mm, what 
would the volume be ? 

^2. — Define and exemplify the terms Allotropism and 
Isomerism. 

9o. — Describe six experiments shewing the Chemical 
properties of the Halogens, stating accurately the con- 
ditions of each experiment. 

^Draw the apparatus for preparing Chlorine. 

^ Draw the apparatus for making Hydrochloric 
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96. — How do you collect gaseous Hydrochloric Acid, 
and demonstrate its extreme solubility ? 

97. — Draw Hoffmann’s apparatus for decomposing 
Hydrocliloric Acid. How does it differ from the similar 
apparatus used for decomposing Water ? 

98. — Describe accurately the experiment from which 
you infer the composition of Hydrochloric Acid. 

99^ — Seeing that Fluorine has never been isolated, 
how do we know its Atomic weight ? 

100. — How could you etch your name on your watch 
glass ? 

101. — How many grammes of Iodine are liberated from 
Potassium Iodide by the Chlorine evolved by the action of 
8*68 grammes of Manganese Dioxide on Hydrochloric 

Acid ? 

102. — How did Priestley discover Oxygen ? 

103. — How did Lavoisier utilize the above discovery ? 

lO-l. — What physical change takes place when Potas- 
sium Chlorate is heated? Can this change be prevented ? 

105. — Draw the apparatus by which you saw Oxygen 
made. 

106. — AVhy is the delivery tube taken out of the 
pneumatic trough before the lamp is removed ? 

107. — Under what conditions does Iron rust ? 

108. — Wliy are steel goods often packed in Lime ? 

109. — Apiece of Sodium and apiece of Phosphorus are 
separately burnt in Oxygen. Contrast the Chemical 
characters of the products. 

110. — What is Graham’s Law of Diffusion of gases ? If *8 
litres of Ozone diffuse through an apparatus in the same 
time that 4 litres of Hydrogen diffuse under similar con- 
ditions, find the density of Ozone compared with 

Hydrogen. 
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111- — elements combine together in the following 
proportions: — ® 


96-28 

9283 

8962 

8G-G2 


3*72. 

7.17. 

10-38. 

13-38. 


From tliese numbers deduce Dalton’s Law of Multiple 
Proportion. ^ 

f 112.— Describe Soret’s c-xperimcnts to doteniiine the 
lormula of Ozone. 

llS^Vhcn Chlorine mixed witJi O.xygen diffused 

thiough a small aperture into Oxygen the proportion of 

difiused Chlcrine to that remaining in the ve.ssel in 45 

minutes was represented by tlie number -227. Wliile in a 

Slim ar experiment made witli Ozonised Oxygen the pro 

pon.on of diirusea O.Kygen to that ren.ainingh. ih vessel 
in 45 minutes was -2708. 

numbers determine the density of Ozone. 
(1) with Chlorine as unity; (2) witli Hydrogen as unity 

WateHs~;,?oZc'edr" 

siJr onSVweigTr"*"^ 

116. How can Oxygen be prepared from Water ? 

1.0 52-821 grammes of Copper Oxide were 

wei-hZ' 42'G°Sq''“a tlie residual Copper 

were obtatned 

Kained. Imd the percentage composition of Water 

gramme7;7 CoZ\Zo ‘Z 180 

i ^ ^ of -Water is pro- 

ahov\^ e^frimen? ^ 
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120. — Uescribe Clark’s process for estimating the 
hardness of Water. 

121. — Compare the heating power of a jet of Hydrogen 
burning in Air and in Oxygen. Explain the difference. 

122. — (1) Hydrogen is bubbled through a solution of 
Ferric Chloride. (2) Ferric Chloride is added to the 
bottle in which Hydrogen is being generated. State what 
takes place in each case. Define the term “ Nascent State. 

123. — By what experiments can you show that Sulphur 
is Dimorphous ? 

1 - 24 . — Describe w'hat takes place wlien Suipliur is 
heated. If a piece of Copper wire be immersed in the 
vapour what takes place ? 

125. — Describe the experiment by which Hydrogen 
and Sulphur are made to combine directl}’. 

120. — Sketch the apparatus for preparing Hydrogeu Sul- 
phide from (1) Ferrous Sulphide, (2) Antimony-Sulphide. 

127 . — Sketch the apparatus for preparing Sulphur 
Dioxide from Copper and Sulphuric Acid. Why does the 
Copper turn black ? 

128. — By what arrangement is Sulphur Dioxide con- 
densed ? What tests distinguish Sulphates from Sulphites? 

120— Describe the action of Sulphurous Acid on a 
solution of Iodine. 

130. — Sketch the apparatus for showing this prepara- 
tion of Sulphuric Acid on the small scale, and describe the 
chemistry of the process. 

131 . Describe how Ammonia is produced synthetically. 

J32. By what experiment is the extreme solubility of 

Ammonia in Water demonstrated ? 

133 . — Compare tbe action of a solution of Ammonia in 
Water with the action of Sodium Hydrate on the following : 
(1) Hydrochloric Acid, (2) Bed Litmus, (3) Ferric Sulphate. 
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ifi Coloured Plates. 5$* 


Modrrn Explurkrh. By 'rhom;u 
Froat. Ilhistr.dcd. 5^* 

Cruise i.x Chinese Waters. By 
Capt. Lindley. Illustrated. 5 ®' 
Wild Adventures in Wild 
Placks. By Dr. Gordon Sta- 
bles, M.D., R.N. Illustrated. 5 s* 
Jungle Peak, and Plain, By 
Dr. Gordon Stables, R. N. Illus- 
trated. 59. 


Paris, New York 




CASSELL i- COMPANY, Limited, London; 

and Melbourne, 





